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ABSTRACT
The r e s o lu t io n  o f  a m ixture in to  i t s  components has been g re a t ly  
f a c i l i t a t e d  through th e  u se  o f  chromatography ae compared w ith  th e  
standard  methods o f te n  used by th e  o rgan ic  chemist* T his separa­
t io n  o f  a  m ix tu re  in to  i t s  in d iv id u a l  components through th e  u se  o f  
ohrom atographic a n a ly s is  i s  a t t r ib u te d  to  th e  v a r ia t io n  l a  adsorp­
t io n  a f f i n i t i e s  o f  th e  compounds fo r  an adsorbent* T his v a r ia t io n  
i s  due to  m olecular co n figu ra tion*  s ic e  o f  m olecule a tta c h e d  to  func­
t io n a l  group and to  so lv e n t e f f e c t s  during  th e  development* Con­
s id e ra b le  work has been done by v a rio u s  workers in  th e  f i e l d  o f  
chemi s t r y  to  o b ta in  d a ta  from which so me b as ic  fo rm u la tio n  could be 
o b ta in ed  fo r  an approach to  th e  problem o f  th e  se p a ra tio n  and iden­
t i f i c a t i o n  o f  a  m ixture*
As a  r e s u l t  o f  p rev ious work in  th e se  la b o ra to r ie s*  an equation  
was fo rm ulated  showing an approxim ate r e la t io n s h ip  between th e  ad­
so rp tio n  a f f i n i t y  and th e  s id e  chain  o f  some homologous s e r ie s  o f 
compounds*
F u rth e r work i s  p resen ted  h e re  on th e  o f f s e t  o f  th e  s id e  chain  
on th e  s tre n g th  o f  a d so rp tio n  o f  an homologous s e r ie s  o f  n~ a l ip h a t ic  
amines* The g en era l co nclu sions were t h a t  t h i s  r e la t io n s h ip  was n o t 
a sim ple fu n c tio n  o f  s id e  ch a in  length* b u t th a t  s ig n i f ic a n t  maxima 
and minima were shown to  e x is t  in  a  p lo t  o f  ad so rp tio n  a f f i n i t y  vs* 
s id e  ch a in  length* In  th e  study made h e re  I t  was found th a t*  w ith  
th e  excep tions no ted , th e  ad so rp tio n  a f f in i ty  g e n e ra lly  decreased  as
v l l i
th e  a ide  cha in  waa Increased#
Work w ith  v a rio u s  Isom ers o f  a  compound in d ic a te d  th a t*  when 
th e  fu n c tio n a l  groups d id  not i n te r a c t  w ith  each o th e r  as th ey  do 
i n  in te r n a l  hydrogen bonding# th e  s tre n g th  o f  a d so rp tio n  in c re a sed  
th e  fu r th e r  th e  two groups were sep ara ted  from each other*
C onsiderab le  i n t e r e s t  i n  th e  so lv e n ts  e f f e c t s  has been shown 
to  e x i s t ,  and i t  was d e s ire d  t h a t  a  study be made o f  pure and mixed 
so lv e n ts  w ith  v a rio u s  ty p e s  o f  compounds# Severa l system s o f  both 
mixed and pure  so lv e n ts  a re  p resen ted  showing th e  e f f e c t  o f  d i f f e r e n t  
ty p es  o f  developers on th e  a d so rp tio n  s tre n g th  o f  a number o f  adsorp- 
t iv e s *  The g en e ra l conclusions a re  t h a t  depending on th e  system  o f  
so lv en t* ad so rb en t^ ad so rp tiv e i th e  com petition  between th e  a d so rp tiv e  
and so lv en t fo r  th e  su rfaeo  o f  th e  ad so rben t i s  reg u la te d  to  a degree 
by th e  marked d if fe re n c e  i n  th e  s t ru c tu r e  o f  th e  two* For example# 
so lv e n ts  c la ssed  as i n e r t  would not have trnch e f f e c t  on th e  adsorb* 
a b i l i t y  o f  h ig h ly  a c t iv e  compounds*
Bata and graphs a re  included fo r  each o f  th e se  stud ies*  and a 
d isc u ss io n  i s  made o f  th e  p o ss ib le  u se  o f  th e se  r e s u l t s  fo r  fu tu re  
work in  chromatography#
ix
XMRODUOTIOH
An Im portan t a p p lic a t io n  o f  a d so rp tio n  from a s o lu t io n  i s  
to  bo found in  th e  methods o f  chrom atographic a n a ly s is*  T his 
tech n iq u e  was d iscovered  by M* Tew ett i n  1906* However* th e r e  
was r e l a t i v e ly  l i t t l e  u se  o f  t h i s  ty p e  o f  a d so rp tio n  u n t i l  about 
195** at  which tim e R* Kuhn employed i t  i n  connection  w ith  h i s  
work on caro tenes*  S ince t h a t  tim e v a rio u s  in v e s t ig a t io n s  have 
been made th rough  d i f f e r e n t  avenues o f  approach i n  o rd er fo r  some 
g en era l p lan  to  be fo rm ula ted  so t h a t  maximum u se  could be made 
o f  t h i s  method o f a n a ly s is*  I t  has been shown t h a t  th e  r e s o lu t io n  
o f  a  m ixture in to  i t s  components fo r  a q u a l i t a t iv e  and q u a n t i ta t iv e  
d e te rm in a tio n  i s  based upon th e  d if fe re n c e  in  t h e i r  a d so rp tio n  
a f f i n i t y  fo r  a p a r t ic u la r  adsorbent* A g en e ra l r e la t io n s h ip  o f  
th e  a d so rp tio n  a f f i n i t y  “f* and th e  ttRM value o f  a compound* which 
i s  a r a t i o  o f  th e  d is ta n c e  moved by th e  zone d iv id ed  by th e  d is ta n c e  
moved by th e  solvent* as proposed by beRoeen (21)* had been shown 
to  e x is t  i n  th e  case  o f  th e  ketones (29) as f  * T his r e ­
la t io n s h ip  has been shown to  vary w ith  th e  c o n fig u ra tio n  o f th e  
m olecule in  use* and i s  approxim ately  p ro p o rtio n a l to  th e  r e c ip ro c a l  
o f  th e  m olecular w eight o f  th e  s id e  chain*
With th e se  conclu sions e s ta b lis h e d  and using  th e  ^R11 v a lu e  as 
a measure o f  th e  a d so rp tio n  streng th*  which i s  th e  r a t i o  o f  th e  
d is ta n c e  moved by th e  lead ing  edge o f  a zone to  th e  d is ta n c e  tra v e le d
1
a
down th e  column fey th e  so lvent*  i t  was decided t h a t  f u r th e r  d a ta  
wee n ecessa ry  concerning th e  e f f e c t  o f  th e  s id e  ch a in  on th e  s tre n g th  
o f  a d so rp tio n .
I n  a d d it io n  to  th e  in v e s t ig a t io n  o f  th e  ketone© a study  was 
made on an  homologous eerie©  o f  alcohol© (22) to  g a in  some inform a­
t io n  on th e  e f f e o t  o f  th e  ©id© ch a in  on t h e i r  adsorp tion*  From feoth 
©f th e s e  s tud ies*  i t  was found th a t  th e  *R* v a lu e s  fo r  th e s e  compound© 
d id  n o t d ecrease  r e g u la r ly  w ith  in c re a s in g  m olecular weight* a© m ight 
fee expected* in stead*  an i r r e g u la r  r e la t io n s h ip  was found* C e rta in  
members o f  th e  s e r ie s  showed h igher a d so rp tio n  a f f i n i t i e s  th a n  t h e i r  
neighbors* t h i s  led  to  th e  p re se n t rep o rte d  study o f  th e  s id e  chain  
on th e  s tre n g th  o f  a d so rp tio n  o f  an homologous s e r ie s  o f  normal 
a l ip h a t ic  amines from methyl to  oc tadecy l amine*
Some o f  th e se  amines were prepared  In  th e se  la b o ra to r ie s ,  and 
o th e rs  were ob ta ined  commercially* The 0*01 molar s o lu tio n s  in  benzene 
and petroleum  e th e r  were used on calcium  carbonate* calcium  hydroxide* 
and magnesium ox ide as adsorbents*
B esides th e  study o f  amines and th e  s id e  ch a in  e ffe c t*  a  study 
o f  th e  s t e r i e  e f f e c t  was a lso  made* T his was accom plished through 
th e  u se  o f  ©-* m-f p - n i t r p a n i l in e  and 2 * 4 * d in Itro an ilin e*  u sin g  0*01 
molar s o lu tio n s  o f  each i n  benzene and petroleum  e ther*  I t  I© hoped 
t h a t  from th e  d a ta  ob ta in ed  in  t h i s  work showing th e  r e l a t i v e  sequence 
o f  a d so rp tio n  o f  th e se  compounds* an in s ig h t  might be gained In to  a  
r e la t io n s h ip  between th e  a d so rp tio n  a f f i n i t i e s  and th e  ioom ers o f  th e s e  
o rg an ic  compounds*
R s n iw  OF UTEEATORE
A survey o f  th e  l i t e r a t u r e  reveal©  t h a t  i n  th e  e a r ly  s ta g e s  o f 
chromatography th e re  were many who t r i e d  to  fo rm ula te  ex p la n a tio n s  
o f  th e  phenomena o f  t h i s  ty p e  o f  adsorption* h u t few o f  them r e la te d  
i t  to  th e  s t r u c tu r e  o f  v a rio u s  m olecules Involved in  th e  eyetem* Of 
th e  many r e la t io n s h ip s  p u t forw ard some a re  em p irica l and o th e rs  
in v o lv e  th e o r e t i c a l  c o n s id e ra tio n s  which a re  sometime® d i f f i c u l t  to  
check experim en tally*  The b a s ic  concept has been very w ell p resen ted  
by S tra in  (JP )#  and i s  quoted as fo llow ss
•Chrom atographic s e p a ra tio n s , e i th e r  i n  paper o r in  
columns* depend upon rep ea ted  p a r t i t i o n  o f  th e  so lu te  
between th e  adso rben t and th e  s o lv e n t. T his rep ea ted  
p a r t i t i o n  can ta k e  p lace  only when th e re  i s  a dynamic 
eq u ilib riu m  among th e  so lu tes*  th e  adsorbent* and th e  
solvent*
A s in g le  so lu te  m olecule m ig ra te s  in  an a d so rp tio n  
column on ly  w hile  i t  i s  in  s o lu t io n . When i t  i s  he ld  by 
th e  adsorbent* i t  rem ains s ta t io n a ry  w hile th e  so lv e n t 
flow s p a s t .  The longer i t  i s  he ld  by th e  adso rben t th e  
slower i t  m igrates*  I f  two so lu te  m olecules d i f f e r  in  
th e  tim e they  a re  h e ld  by th e  ad so rb en t, they  w il l  m igra te  
th rough  th e  a d so rp tio n  column a t  d i f f e r e n t  r a t e s . 8
The s o lu te s  a re  g e n e ra lly  o rgan ic  compounds d isso lv ed  i n  s u i t -
a b le  solvents*  and th e  adsorb ing  m a te r ia l c o n s is ts  o f  f in e ly  powdered
m a te r ia ls  such as alumina* magnesium oxide* calcium  hydroxide* s i l i c i c
acid* charcoal*  sugar* e tc .
One o f  th e  e a r l i e s t  a ttem p ts  made to  g ive  an in s ig h t  in to  and an
e x p la n a tio n  o f  th e  th eo ry  o f  chromatography was made by J«R* W ilson (5 9 ) .
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The th eo ry  p resen ted  c o n s id e rs  t h a t  th e  p rocesses o f  a d so rp tio n  
and d e so rp tio n  o f  th e  m a te r ia l  proceed In  a manner so t h a t  th e r e  
l e  In s ta n ta n eo u s  e q u ilib riu m  a t  a f i n i t e  r a t e  between s o lu te  and 
adsorbed m a te ria l*  The r a t e  and e f f e c t  o f  d if fu s io n  were neg lected*  
The th eo ry  p re d ic ts  t h a t  a chromatogram formed from a s o lu tio n  
co n ta in in g  on ly  one so lu te  should have a s in g le  sharp  band* and 
t h a t ,  i f  t h i s  chromatogram i s  developed w ith  th e  same so lv e n t used 
fo r  making th e  so lu tio n , th e  band should m ain ta in  a c o n s ta n t w idth  
and be sharp ly  defined* T his was found to  hold  experim en ta lly  only  
i n  some cases  where th e  a d so rp tio n  was strong*
Such w orkers as Oaesidy and Wood (10) made a g re a t  d ea l o f  use  
o f  th e  a d so rp tio n  iso therm  proposed by Wilson fo r  t h e i r  study o f  
petro leum  e th e r  so lu tio n s  o f  la u r io  ac id  on Barco-G. 60 carbon* 
G enera lly  t h e i r  experim ental r e s u l t s  were in  very good agreem ent 
w ith  th e  expected r e s u l t s  from th e o r e t ic a l  co n sid era tio n s*
E quations fo r  p re d ic tio n  o f  r a t e s  o f  flow fo r  th e  boundaries 
o f  zones a s  proposed by D efau lt (12) led  to  v a lu es th a t  checked very 
c lo s e ly  w ith  th o se  found by experim ents o f  o th e r  worker©*
Hartman and h is  co-w orkers (15) t e s te d  th e  a d so rp tio n  o f  seven 
ac id e  on charcoa l u sing  benzene as a solvent* They found th e  iso ­
therm s Of each a d d  to  r e t a in  th e  same r e l a t iv e  p o s i t io n  w ith  re s p e c t  
to  each o th er a t  v a rio u s  tem pera tu res used in  th e  study* They found 
t h a t  th e  a d so rp tio n  ten d e n c ie s  o f th e  amino and hydroxy s u b s ti tu te d  
a c id s , a s  compared to  benzole, were rev e rsed  in  benzene to  th a t  
found from aqueous so lu tio n s*
B art©11 and MIXXor (2 )  found by work w ith  a c tiv a te d  sugar 
charcoa l t h a t  in  th e  e ase  o f  p o la r m olecules which co n ta in  -COOH,
-OF, -OH# -01# o r  -OOFHg groups t h a t  th o se  groups would o r ie n t  
them selves tow ard th e  w ater phase. Thus benzole ae id  was h ig h ly  
adsorbed# b u t th e  a d d it io n  o f  an OH group deer eases  th e  a d so rp tio n  
w ith  each a d d it io n a l  fu n c tio n a l group fu r th e r  deer easing  th e  ad­
s o rp t io n . The a d d it io n  o f  CH  ̂ group® to  th e  c o n tro l m olecule tended 
to  in c re a se  i t s  adsorp tion*  JL ©Rosen and Smith (29 ) have shown# 
th rough  th e  u se  o f  ih© v a lu e  (21) a® a measure o f  th e  s tre n g th  
o f  adsorp tion#  a  r e la t io n s h ip  between th e  ad so rp tio n  a f f i n i ty  and 
th e  m olecular w eight o f  th e  compound* The equation  f  -  where
Mee i s  th e  w eight o f  th e  s id e  chain# n i s  a c o n s tan t c h a r a c te r i s t i c
1 — fto f  each adsorbent# and K i s  a constant#  i s  shown to  equal ■■** |p -  w ith  
R equal to  th e  Rp v a lu e  o f  th e  compound in  question*
I t  has been shown th a t  on th e  u su a l adsorbents# excluding char­
co a l (2^)# th e  a d so rp tio n  o f  so lu te  molecule© can be a t t r ib u te d  to  
th e  in te r a c t io n  between th e  p o la r group ©f th© molecul© and th e  ad­
sorbent* These in te r a c t io n s  a re  approxim ately  exp la ined  on th e  
assum ption th a t  a m olecule 1® composed o f  © s id e  chain  ©nd a func­
t io n a l  group# and th a t  t h i s  in te r a c t io n  i© based on th e  r e l a t i v e  
e le c tro n  donor and accep to r ten d en c ies  o f  th e  adso rben t and t h i s  
fu n c tio n a l group* Th© s id e  chain  has been shown to  cause a decrees© 
in  th e  a d so rp tio n  w ith  in c re a s in g  m olecular weight o f  th e  compound*
A q u a n t i ta t iv e  study was made (2# $4} to  determ ine th© a p p lica ­
b i l i t y  o f  th e  theo ry  o f  chromatography to  th e  experim ental r e s u l ts *
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Those r e s u l t s  in d ic a te d  t h a t  both th e  c la s s ic a l  and non-ide& llzed  
th  ©or le e  o f  th o  sim ple chromatogram a re  s a t i s f a c to r y  fo r  p re d ic tin g  
th e  r a t e s  o f  development on columns o f  s i l i c i c  a c id - c o l I te  under 
c o n d itio n s  used in  t h i s  in v e s tig a tio n *
Much work has been done to  determ ine some o f  th e  e f f e c t s  o f  
In c re a s in g  th e  s id e  ch a in  o f  v a rio u s  o rg an ic  n o m e le c tro ly te s  on 
th e  su rfa c e  te n s io n  o f  a so lv e n t (9# 2^)* I t  seems to  fee a g en era l 
o p in io n  th a t  when ad so rb en ts  o th e r  th an  carbon, and so lv e n ts  o th e r  
th a n  w ater were used, a r e v e r s a l  o f  th e  o r ig in a l  a d so rp tio n  sequence, 
a s  p re d ie te d  by T raube1s r u le  ( 1 6 ) ,was found fo r  an homologous s e r ie s  
o f  so lu tes*  T his was exp la ined  on th e  b a s is  t h a t  in  th e  ease  o f  
a l ip h a t ic  a c id s  th e  h ig h ly  p o la r  group (*K3Q0H) would o r ie n t  i t s e l f  
toward th e  a d v e n t*  The s iz e  o f  th e  s id e  cha in  would cause each com­
pound to  be adsorbed more o r l e s s  s tro n g ly  th an  o th e r  members o f  th e  
same s e r ie s ,  w ith  th e  lower members being  th e  s tro n g e s t  adsorbed*
Using sugar a s  an ad so rb en t, and w ater as a  developer fo r  some 
homologous s e r i e s ,  a  r e v e r s a l  o f  th e  above wae found to  be t r u e  (16)* 
In s te a d  o f  t ry in g  to  i s o la te  only a  s in g le  substance  from a 
s o lu t io n , th e  u su a l case  i s  th e  se p a ra tio n  o f  a m ix ture  o f  substances 
in  o rd er to  o b ta in  each component in  a  pure s ta te *  In  o rd e r to  
f a c i l i t a t e  th e  se p a ra tio n  o f  s im ila r  substances u sing  th e  Tew eit 
column ( 52,  4 0 ) , th e  chromatogram i s  o f te n  developed w ith  a  s e r ie s  
o f  so lv e n ts  o r so lv e n t m ixtures* V a ria tio n s  in  p o la r i ty  o f  so lv e n ts
sometimes cause a re v e rse  in  th e  sequence or o rder in  which th e  so lu te s  
s e p a ra te  on th e  column# The u se  o f  d i f f e r e n t  k inds o f  so lv e n ts  and
e lu e n ts  (5 1 ) h as  n o t k e p t pace w ith  th e  in c re a sed  v a r ie ty  o f  
a d so rb en ts  (4).# According to  S tra in*  i t  i s  ve ry  im p o rtan t to  
p ic k  th e  so lv e n t which w i l l  be moot u se fu l i n  th e  system  (2®)*
" In  columns and i n  paper ( chrom atography) th e r e  
must be an in te r a c t io n  between so lv e n t and adso rben t 
and a lso  an in te r a c t io n  between so lv e n t and s o lu te s  
I n  a d d it io n  to  th e  re a c t io n  between s o lu te s  and ad­
sorbent* •* . From t h i s  p o in t o f  view* so lv e n ts  may be 
s e le c te d  ©o t h a t  they  a f f e c t  p rim a rily  th e  ad so rb en ts  
o r  th e  so lu tes*  *
L ennariz (19) made a study o f  v a rio u s  so lv e n ts  to  determ ine 
th e  r e l a t i v e  developing  power o f  each u s in g  eudan red  on aluminum 
oxide* He used as a measure o f  t h e i r  s tre n g th  th e  d is ta n c e  each 
so lv e n t c a r r ie d  th e  dye through th e  column during  a c e r t a in  le n g th  
o f  time* For a s e r ie s  o f  so lven ts*  th e  s tre n g th  o f  t h e i r  develop­
ing  powers was shown to  e x i s t  as follow s* benzene ^  chloroform  > 
carbon te t r a c h lo r id e  y carbon d is u l f id e  y petroleum  e ther*
Primary* secondary* and t e r t i a r y  amines could be very  e a s i ly  
sep ara ted  on an a c tiv a te d  alum ina column (14)* In  l ik e  manner 
ch arco a l was found to  adsorb amine bases (1 )  w ith th e  a d so rp tio n  
o f  a l ip h a t ic  am ires In c re a s in g  w ith  in c re a s in g  m olecular weight* 
However* i t  was shown t h a t  th e  arom atios were adsorbed more s tro n g ly  
th a n  th e  a lip h a tic©  which in  tu rn  were more s tro n g ly  adsorbed th an  
th e  n e a re s t r e la te d  © licyll©  compound*
Paper chromatography has been ap p lied  to  e f f e c t  a se p a ra tio n  
o f  prim ary arom atic  amine© and b io lo g ic a l  arylamine® ( 1 % $5)*
Lirmer and Charterer (24 ) made a r a th e r  com plete study o f  th e  
• e f f e c t  o f  o rg an ic  s t ru c tu re  on th© a d s o rb a b il i ty  o f  o rg an ic  acid©*
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on n e r i i e  c o n ta in in g  a sm all p e rcen tag e  o f  ash* In  t h e i r  study  
o f  th i r ty -o n e  a c id s  th ey  found t h a t  t h e  tren c h in g  o f  th e  c h a in  
had l i t t l e  e f f e c t  on th e  amount adsorbed* However, w ith  an in c re a se  
i n  (-COOH) groups th e  a d so rp tio n  was decreased* T his was a lso  found 
t o  be t r u e  in  th e  ease  o f  a d d it io n a l  double bonds, carbonyl g roups, 
o r  hydroxy groups* Ois and i ro n s  Isom ers were found to  be l i t t l e  
d i f f e r e n t  a t  maximum adsorp tion*  The s t e r ic o l ly  h indered  compounds 
were shown to  be r a th e r  s tro n g ly  adsorbed In  th e  case  o f  k e to n es and 
t h e i r  ©ximes (^6)#  The s o lu b i l i ty  o f  a s o lu te  i n  a  g iven  so lv e n t 
may in d ic a te  to  a marked deg ree  how t h i s  compound could be adsorbed 
from t h i s  so lv e n t ($)*
Some work has been done w ith  homologous s e r ie s  in  paper chroma­
tography* In  th e  study o f  amino a c id s  (£?} which were examined on 
two dim ensional paper chromatograms* th e r e  appeared an  a d so rp tio n  
sequence which was c h a r a c te r i s t i c  w ith in  an homologous s e r ie s  w ith  
th e  a d so rp tio n  d ecreasing  as  th e  a d so rp tiv e s  In c re a se  i n  m olecular 
weight* Work by L ederer (16 ) in d ic a te d  th e  u se fu ln e s s  o f  paper 
chromatography in  th e  se p a ra tio n  o f  v a rio u s  a n io n ic  groups*
Nakraeov ( 26) aide a  r a th e r  e x te n s iv e  study o f  th e  a d so rp tio n  
e f  homologous monobasic a c id s  on u n p u r if ls d  charcoa l to  g e t  an  in ­
s ig h t  in to  th e  r o le  played by so lv e n ts  on th e  adsorp tion*  From t h i s  
study he concluded th a t  th e  solvent©  should be d iv ided  in to  two 
groups* ox&gon*con ta in ing  and non-oxygen-containing* Those in  th e  
form er group (w ith  th e  ex cep tio n  o f  w ater) showed sharp minima in  
th e  a d so rp tio n  eurve (7*12 carbon atoms)* and fo r  a l l  o f  th e  s e r ie s
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from b u ty r ic  ac id  up# th e  sequence o f  a d so rp tio n  1© what would 
he expected* For th e  second group th e  minimum a d so rp tio n  i s  very  
weak or a b se n t, and th e r e  i s  no tendency to  fo llow  th® g en e ra l 
r u le s  fo r  adsorp tion*  He has placed petro leum  e ther#  s in c e  i t  
i s  c la sse d  by him a s  a  mixed solvent#  between th e  two groups 
where a minima in  th e  a d so rp tio n  curve i s  o f te n  observed* He 
fu r th e r  s t a te s  th a t  th e re  i s  no p a r a l l e l  between th e  su rfa c e  
te n s io n  o f  th® so lv e n t and adsorp tion*
Cassidy (8 )  d id  some s im ila r  work w ith  acids# u s in g  only th e  
h ig h e r ones d isso lv e d  in  petro leum  e ther*  They were l e f t  over­
n ig h t in  c o n ta c t w ith  th® adsorbent* He found com® v a r ia t io n s  i n  
th e  ad so rp tio n  which were no t to  be expected  and g iv es  th® d a ta  
to  be observed# along w ith  h i s  assum ptions which were made ww ith  
cau tio n * •
There has always been a  need fo r  a method th a t  can be used to  
se p a ra te  s im ila r  compounds arid d e r iv a tiv e s  o f  th e s e  compounds*
The work by White (58) in  which he sep ara ted  th e  2#4#-&InitrephenyI«- 
hydrazonee o f  ace tone , m eth y l-e th y l ketone# and inethyl-propyl ketone 
Shows th a t  th rough  th e  proper choice o f  so lv e n ts  and adsorbent# t h i s  
can  be accomplished* In  each case th e  d e r iv a tiv e s  o f  each o f  th e  
above compounds were h e ld  more s tro n g ly  going from acetone  to  methyl* 
n -p ropyl ketone*
LeHosen and h ie  oc-w orkera (20# 22# 28) have don® much work 
w ilh  homologous s e r ie s  o f  ketonee and a lco h o ls  and v a rio u s  aldehydes* 
In  t h i s  work i t  was shown t h a t  In  a l l  ease s  th e  r e la t io n s h ip  between
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th© Rp v a lu e  and th e  number o f  oar bon atom© In  th e  a ide  cha in  we© 
n o t a re g u la r  one* V arious maxima and minima were observed which 
le d  them to  b e lie v e  t h a t  e f f e c te  o th e r  th a n  th e  normal b ind ing  
force© between e le c tro n  donere and acceptor©  o f  th e  adsorbent* 
adaorhate* and e e l v e n t were reepeneib i©  fo r  th e  a d so rp tio n  o f  a  
• e lu te  from a so lu tio n *  However* in  general* w ith  th e  ex cep tio n  
o f  carbon ae th e  adsorbent*  a s  th e  ©id© ch a in  in c reased  in  w eight 
th© weaker wa© th e  adso rp tion*  T h is  le d  to  on in c re a se  in  th e  *R* 
v a lu e  f o r  each member o f  th e  eerie©*
A STUDY OF m  HOMOLOGOUS SERIES OF n-ALIPHATIO AMINES IN
CSSROMTOGMFfff
DISCUSSION* Th® work p resen ted  hero  i e  e p e r t  o f  & study o f 
th e  v a r ia b le s  which a f f e c t  th e  movement o f  a sons o f  an adsorbed 
substance  i n  a chrom atographic column* I t  has been found p o s s ib le  
to  r e l a t e  th e  behavior o f  such a  son® to  th e  s t ru c tu r e  o f  th e  ad­
sorbed (Ribstance (2$)* o th e r  co n d itio n s  being h e ld  constan t*  For 
th e s e  s tu d ie s  m olecules were considered  to  be composed o f  & func­
t io n a l  group and a s id e  chain# th e  form er prom oting adsorp tion#  
th e  l a t t e r  h in d e rin g  i t*  I t  was d e s ira b le  to  show in  d e ta i l  how 
th© s id e  ch a in  in flu en ced  adsorption# and fo r  t h i s  purpose methyl 
k e tones having  f ro a  one to  seventeen  carbons in  th e  s id e  cha in  were 
s tu d ie d  (2 8 ) .
Here i t  was shown t h a t  th® s id e  chain  e f f e c t  could be rep resen ted#  
a s  a n e g a tiv e  power o f  th e  m olecular weight# to  a f i r s t  approxim ation! 
however# th e  r a t e  o f  movement-molecular w eight p lo ts  showed c e r ta in  
i r r e g u l a r i t i e s  a sso c ia te d  w ith  unexpected ly  stro n g  ad so rp tio n  o f  some 
members o f  th e  se rie s*  Arguments were p resen ted  (25 ) to  show t h a t  
th e s e  v a r ia t io n s  were g re a te r  than, experim ental e r ro r  and t h a t  th ey  
could not be a sso c ia te d  w ith  any unknown im purity  in  th e  ke tones stud ­
ied* Having e s ta b lis h e d  th© r e a l i t y  o f  th e se  i r r e g u la r i t ie s #  i t  was 
d e s ira b le  to  a cq u ire  more d a ta  i n  o rd e r to  a r r iv e  a t  an ex p la n a tio n  
fo r  them* I t  seemed t h a t  th e se  might b© due to  * f i t - p a t t  e rn e11 between
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th e  adso rben t and adso rp tive#  to  th e  m olecular shape o f  th e  adsorbed
molecule# to  a d so rp tiv e -  so lv e n t co m p e titio n , o r  to  causes y e t  *ur*
known* A r e p o r t  o f  th e  r e s u l t s  o f  th e  etudy o f  th e  aid© ch a in  e f f e c t
fo r  come s t r a ig h t  c h e la  prim ary amines o f  from one be e ig h te e n  carbon
atom* 1# g iv en  here*  Behsene and petro leum  e th e r  were used a» eel*
v e n ts  w ith  se v e ra l s u i ta b le  ad so rb e n ts«
The method* need h e re  fo r  determ in ing  th e  r a te *  o f  movement* o f
th© compound* have been d escrib ed  e a r l ie r *  The c o n ce n tra tio n *  o f  th e
sub stance*  were 0*01 m olar a t h i s  was th e  l e a s t  c o n c e n tra tio n  e a s i ly
d e te c te d  by th e  s t r e a k -r ©agents used  fo r  m m  d e tec tio n *  Si 11 o le  a e id
and F l e r i s i l  were too  s tro n g  as ad so rb en ts  to  u se  w ith  th e  amines from
e i th e r  so lven t*  The amines were p u r i f ie d  by s tandard  method* and a lso
by chromatography where necessary*
The rat©  o f  movement ©f th e  n th  member o f  a  s e r ie s  was expressed
as  a r a t i o  to  th e  r a t e  fo r  th e  f i r s t  member, and t h i s  was
p lo t te d  a g a in s t  th e  number o f  carbon atoms in  th e  v a rio u s  members o f
th e  se rie s*  These p lo ts  a re  shown in  F igures 1 and 2* The a d so rp tio n  
1 “* Ka f f i n i t y  o f  fo r  d i f f e r e n t  members o f  th e  homologous s e r ie s  i s
p lo tte d  in  F ig u res 5 and t*  This k ind  o f  a p lo t  emphasise* th e  
s tro z ^  a d so rp tio n  o f  c e r ta in  members o f  th e  amine se r ie s*  The a c tu a l  
m agnitude o f  th e  v a lu e s  o f  th e  d i f f e r e n t  amines a re  p lo t te d  in
F ig u re s  5 and 6*
Exam ination o f  th e  d a ta  in  Table I and in  F igu res 1 and 2 shows 
i n  an im press ive  way th e  i r r e g u la r  c h a ra c te r  o f  th e  r e la t io n s h ip  between 
r a t e  o f  movement (R evalue) and s id e  chain  length*  Me s in g le  f a c to r  w i l l  
account fo r  th e  experim ental d a ta , b u t c e r ta in  g en era l tre n d s  may be
ih
d is t in g u is h e d ;  th #  suaines on magnesium oxide* calcium  carbonate* end 
calcium  hydroxide* from petro leum  e th e r  show very  s im ila r  cu rves h u t 
w ith  s l ig h t ly  s h i f te d  minimum po in ts*  Per a  s e r i e s  in  a g iven  
so lv e n t th e  m agnitude o f  th e  d ip  from maximum to  fo llow ing  minimum 
p o in t a s  shown i n  F igu re  1 l a  approxim ately  c o n s ta n t fo r  a l l  adsor­
bent*  used* T his would in d ic a te  t h a t  th e s e  i r r e g u l a r i t i e s  a r e  ln r  
dependent o f  th e  a b so lu te  s tr e n g th  o f  th e  a d so rp tio n  bond* T h is  
o b se rv a tio n  su g g ests  t h a t  f i t - p a t t e r n s  m aybe Involved between th e  
a d so rp tiv e  and adsorbent* re g u la te d  to  a  minor d eg ree  by th e  len g th  
o f  th #  e a r bon- fu n c tio n a l group lin k a g e  and th #  n a tu re  o f  th #  group*
Th# r o le  o f  th e  mol ocu la r shape o f  th #  a d so rp tiv e  i s  brought o u t by 
th e  s im i la r i ty  o f  th© curves ©f th© a lc o h o ls  (2 2 ) from petro leum  
e th e r  on th e  th re e  ad so rb en ts  used* The im portance o f  th e  so lv e n t 
l a  shown by th e  change in  r e l a t i v e  im portance o f  peaks on th #  magnesium 
ox ide  curve fo r  th #  amines In  th #  t r a n s i t i o n  from petro leum  e th e r  to  
henseme* Z t 1* suspected  t h a t  th #  fo rce*  invo lved  her#  a re  e i th e r  
van  d er Waals fo rc e s  betw een th #  carbon o r hydrogen atoms o f  th e  a id e  
c h a in  and th e  adso rben t cen ters*  o r perhaps to  a very  weak ty p e  o f  
hydrogen bond between th e  0-H hydrogen* and th e  adsorbent*
As a f u r th e r  o b se rv a tio n  o f  th #  graphs i n  F igu re  1* h ig h e r  peak* 
a re  shown to  e x i s t  i n  th e  neighborhood o f  th re e  to  s ix  carbon atoms* 
T h is in d ic a te s  t h a t  w ith  petroleum  e th e r  th e re  l a  a  s e le c t iv e  competi­
t i o n  between th e  s id e  ch a in  and th e  solvent*  which I s  composed o f  
chain* o f  equal magnitude* fo r  th e  su rfa c e  o f  th e  a d so rb en t. With 
benzene* a s  shown in  F ig u re  2* being a m olecule q u i te  d i f f e r e n t  from 
th e  a l ip h a t ic  s id e  chain* th e re  i s  a  g radual in c re a s e  In  th e  r a t i o
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Of th e  v a lu e s  w ith  incre& slng ear "bon atoms* T his would su g g est 
t h a t  one o f  th© ro le s ,  a t  l e a s t ,  o f  th© so lv e n t i s  as a com petito r 
w ith  th© a d so rp tiv e  fo r  th e  su rfa c e  o f  th e  adsorbent#
Another p o in t o f  view which w il l  n e t  be e la b o ra te d  upon h e re  i e  
t h a t  a s t r a ig h t  ch a in  r a d ic a l  o f  s ix  carbon atoms would probably  be 
more s ta b le  in  a  s o lu t io n  o f  a  0^ so lv e n t th a n  any o th e r  s id e  chain# 
T h is  ty p e  o f  system  would th u s  show le e s  energy o f  a d so rp tio n  f o r  t h i s  
p a r t i c u la r  s id e  ch a in  th a n  o th e r  members o f  th e  se r ie s*  As a r e s u l t  
o f  t h i s  h igh  *R* v a lu e s  might be expected fo r  hewyl amine and i t s  






66*0If Ii.2* X02* X£VxCxo










Ofi*Xzi* 066*0'80* X6o*x82* X
00*100*100* X00*1oo*x00* XTo
0»H £0S*0 S(B3)«00»M *00*0S(H0)*0
Hama MflaiOHiadtsim
Hama wmoHiaa









RELATI VE R V A L U E S  VS.  CARBON AT OMS -  
AM1NE S E RI E S  P E T R O L E U M  E T H E R  S O L U T I O N
( I )  Mg 0  (2)  C a C 0 3 (3) C a  10H)2
i 8  1 0  1
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R E L A T I V E  R V A L U E S  OF 
NORMAL A L I P H A T I C  AMI N E S  
0 . 0  I M.  B E NZ E NE  S O L U T I O N S .  
( D M g O  , ( 2 ) C o C 0 3 i  ( 3 ) C a ( 0 H ) 2
6 8 10 12 
CARBON ATOMS
F I G U R E  2
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T A $Ii$  I I
L .~ g  VALUES 01 3CM1 HOKMAL ALIPHAflC AMIBES F.ECM 0 .01  M. 
H
iwmaLWM vmst smmtom
oot&oxm 0aC0 , 0*<cs)2
Methyl amine 3.5^ O.56 0 .8 2
Bthyl amine 1 .99 1 .17 0 .9 2
Propyl amine 0 .89 0.1(5 0 .52
Butyl amine o.ro 0 .35 0.1(9
Amyl amine 0.79 0 .35 O.U9
Hexyl amine 0 .75 0.25 0 .37
Heptyl amine 1 .00 0 .25 0 .52
Oatyl amine 0 .96 0 .3  7 O.H?
Bonyl amIn© 1 .32 o.it5 0.5U
Beeyl amine 1 .85 0 .70 0 .82
Undecyl amine 1 .70 o.g»t O.60
Dodecyl amine 1.22 0.145 O.56
Tridecyl amine 1 .77 0.56 0 . 61+
Tetradeeyl amine 1 .9 * 0.67 0 .79
Pentadacyl amine 1 .70 0 .59 0.61
Hexa&ecyl amine 1 .W+ o.i»g 0.59
Hepta&ecyl amine 1 .56 0 . 6U o,6i+
Oetadeeyl amine 1 .50 0 .52 0 . 1+7
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ttABLB I l l
TALU'SS OF 30*18 SOlMAL ALIFHAfIC AMISS® FBGN 0 .0 1  M.
E
B iB szan
COMPOUHD KgO CaCO, 0a(0H )2
K e th y l am ine 0 .6 7 .... ......0.5H  .......... 0 .6 7
E th y l amine ..... _ o .5 > _____ 0.143. ............. 0 .3 0 _______
P re n y l am ine O .lft .................................. . ........  0 .1 5  .........
B u ty l amine 0.146 0 .3 2 0 .3 8
Amyl amine o.lfT - ..... .. 0 .3 2  ..,.... ...........0 .3 ?  ... .
H exyl amine ......... 0 .3 5 ............ . f. ....... 0 ,3 3  , ........ 0 .3 1
H ep ty l m in e ........ . 0 .3 5 .... .. ... ...... 0 .3 2 ____ ____ ........0 .1 5  .... ...
O cty l amine 0 .3 0  . . . 0 .3 8 0 . l 6
Sfosyl am ine 0 .2 8 ............0 .3 0 .......0 .1 5 ............
D ecyl am ine ..........0 . 3 7 ........ ......... 0 .3 9 0 .1 5
Efcdeeyl amine _  0 . 3U.. ......... .............0 .3 7 ........... 0 .1 6
D odecyl m in e _____0 J 3 .  _ 0 .3 7 0 .1 3
(P rldecy l am ine 0*52 0 .3 0  0 . l 6
T etra& eey l amine Q.T5 0 .2 7  0*1 j5
p e n ta d e c y l amine 0 .3 2 ______ 0 .2 5 0 .1 2
Hex&deeyl amine 0 .3 0  ...... 0 .2 2 0 .1 1
He-pta&ecyl am ine 0 .3 5 0 .2 ? 0 .1 0
O ctad ecy l amine 0 .3 6 .......... 0 .0 9
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a  values ear
TABLH IV
0 .0 1  M SOLUTICGKS OF SQM® 
s m s i
AMIH'SS THCM
CCMPCOTD C a(0H>2 C“° 0 3
S % « *
M eth yl am ine 0 .5 5 0 .3 k o . 6 i* 0 . 1*1
B th y l am ine 0 .5 8 0 .2 7 0.1*6 0 .3 1
P ro isy l am ine 0 .6 6 0.1*0 0 .6 9 0.1*1*
B u ty l am ine 0 .6 7 0 . 1*5 0.71* 0 .5 0
Amyl am ine 0 .6 7 0.1*6 0.71* 0 .5 8
H exy l am ine 0 .7 3 0 . 1*7 0 .8 0 0 .5 3
K e p ty l am ine 0 .6 6 o . l t l 0 .8 0 0 .6 1
O c ty l am ine 0 .6 8 0.1*8 0 .7 3 0.1*2
H oayl am ine 0 .6 5 0 .3 8 O .69 O.tKL
D e e y l am ine 0 .5 5 O .36 0 .5 9 0 .3 9
U nd ecy l am ine 0 .6 3 O .36 0 .6 5 0 .3 9
B o d ecy l am ine 0.61* 0 .3 8 O .69 0.1*1*
f r i d e e y l  am ine 0 .6 1 0 . 31* O .63 0 .3 7
^ e tr a d e c y l  am ine 0 .5 6 0 .3 6 0 .6 0 0 .3 6
F e n ta d e e y l am ine 0 .6 2 O .38 O .63 0 .3 7
H e x a d e cy l am ine 0 .6 3 0 .3U O .67 0 .3 7
H e p ta d e c y l am ine 0 .6 1 0.1*1 0 . 6 l 0 .3 9
O c ta d e c y l am ine o.6g 0 .3 5 0 .6 6 0.140
t a 3 l s  i t  ( c o h t x n u b d )




Metiarl amine .0 .22 . 0 .11
Bttarl w in *______________________________ OJJ_____________ 0.17
P r o t a r l  au n ln a______________  0 . 5 1  0 . 2 5
Butyl amine ...... ....... ........ 0 .59 ... _.... . _____ 0 .3 6 ......_
Amyl amine ____ __ _ . O .ll ____ 0 .2 0
Hexyl amine ...................0.51....... . ............0.3% . ....
Hentyl amine __________0.5Q... ......... ...... 0 .32 ......
Octyl amine _ ______„.... 0.51____  .. 0.33
B«arl .*•!**._._... ........................ 0 . 1*1 Qt2Q.
Becyl amine 0.15 o . a
Undecyl amine — .................  0.37 .._ 0 .2 2
Pedeeyl amine . ... ..... 0 ,23-....... 0.27
Trldccyl amine ............. ...........0.36 . . . 0 . 2%
Tetradaeyl amine ......................  0.3% ___ __ 0.23
Pentadeeyl amine - ..............- 0 .37......... . 0.25
Hexadeoyl amine 0.%1 0 .2 6
Hemtadeeyl amine _____ 0 .3 3 . 0 . 2%
Octadecyl amine O.iJO 0 .2 6
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TABU'! T
k  r u m s  o r  o . o i  k  s o l u t i o n s  o f  s m s  a k i s i s  f r c k  s a u z a r a
C0 MP0 T3KD 0 » (C H )a OaOOj
* r * *
M e th y l  a m in e 0 .6 0 .................... 0 . 3 8 .... 0 . 6 5 o . * l .... .
Stfesrl a m in e 0 . 7 7 0 . 5 * - 0 . 7 1 _______ 0 . 5 1 .........
P*eisrX  a m in e ..........  0 . 5 « 0 .* 7 0 .8 1 0 . 5 * .... _
B u t y l  a m in e ....._ ......0 . 7 8  _.................. 0 . 6 5 ....... ....0 , 7 6  ______ 0 . 5 8 .........
Am yl a m in e ________ 0 .7 9 0 .6 0 0 .7 6 ........ ...... . ..... 0 , M
H e jo rl a m in e _ ______ 0 .8 3 0 .6 6 ..... 0 . 7 5  .......... 0 . 6 2
S e n t r l  a m in e ................ 0 ,8 7  _ 0 .6 8 ....0 . 7 6 ................ 0 .6 0
O c t y l  a m in e o . s f i — ...........  0 . 7 1 ... . ..... 0 , 7 8 ........... . - 0 . 6 3
3ffen y l a m in e 0 .8 7 0 .6 8 .....0 .7 7  ..... , 0 .6 3
B e e y l  a m in e 0 .8 7 ...................0 . 7 3  „... . .  O.7 2  .... ... 0 .5 9
U n& eey l a m in e 0 .8 8 - .........0 , 7 1 ...... ... 0 , 73 . .............. 0 . 6 2
P o d e e y l  a m in e 0 .8 9 ....... .......... 0 . 7 1 ...... _ 0 , 7 9 ...... O.6 5
T r i d e c y l  a m in e 0 .8 6 — ..............0 . 7 2  , . 9 ,7 7 0 .6 2
T e t r a d e e y l  a m in e 0 .8 8 _ ________ 0 ,7 1 0 .7 9 0 . 6 ^
P e a t a d e c y l  a m in e 0 .8 9 __________ 9.-13...... 0 .8 0 . .0 , 6 3
H eac& deerl a m in e 0 .9 0 .......... ...... - 0 , 7 5  ... 0 .8 2 0 .6 5
E e u t a d e c y l  a m in e ..........  0 .9 1 .......... — o . J H ... 0 .7 9 0 * 6 6
O c ta d e c y l  a m in e 0 .9 2 ______0 f.Z5 _ ... 0 .8 1 o . 6 i*
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5ABLS V (0OCTI1TOED)
8 VALTOS OP O.Ol H STOOTIOHS OP SOMM AMIH SS  TltfM BSH31W
e m p o m m
-------------------------% ..... .
HgO
_ __i t _________
Methyl amine o .6o 0.U3
Sthyl amine 0 .65 0. Wt
Prenyl amine 0.71 0,90
Butyl amine ...................0 .69 0 1 ̂
Amyl amine 0 .68 0 . 5^
H « g l  ________________________________ O JU _______________Oj SL
H«ptyl amina_____________________________O J k _____________ 0.57
Octyl amine . .......... ........ ....... 0 ,7 7 ............ . ............0 .5 5 ....
Sonyl amine 0,78 . _... 0 .53
Decyl amine ____ ___- 0 . 7 3 ....-...... — ...... 0.55...,. ,
Undeeyl amine ............. .......... _.. 0 , 1 \ ...-........ 0.58
Dodecyl amine _______  —  .0*75 ....... ..... 0.5U
Tridec^l amine 0.76 0.56
Tetradecyl amine _______ _____  0 .75............ 0..54
Pentadecyl amine 0.76 - ......  0.57
Eexadecyl amine ........._ - ......_ ..-P .17 0.55
Hentadeeyl amine 0.80 0 .6 l








0 . 3 NORMAL ALIPHATIC AMINES 
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NORMAL ALIPHATIC AMINES 
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The s y n th e s is  used f o r  th e  p re p a ra tio n  o f  xr-hexyl* n~heptyl# 
and n**nonyl amine involved th e  re d u c tio n  o f  th e  corresponding  
aldehyde oxim© which wee prepared  by adding th e  aldehyde to  an 
aqueous s o lu t io n  o f  kydrcjgrlam ine h y d ro ch lo rid e  ( 6 )* The m ix tu re  
was s t i r r e d  and an aqueous s o lu t io n  o f  anhydrous sodium carb o n ate  
added a t  such a r a t e  t h a t  th e  tem p era tu re  d id  no t exceed C* 
S t i r r in g  was continued a t  room tem p era tu re  fo r  an hour a f t e r  th e  
a d d it io n  o f  th e  sodium carbonate# The o i ly  la y e r  th a t  se p a ra ted  
was washed w ith  two 100 oe# p o rtio n s  o f  w ater $ and th e  w ashings 
w ere d iscarded* The o i ly  la y e r  was f r a c t io n a te d  under reduced 
p re s su re  (ab o u t 6 mm) and th e  pure oxim©* which s o l id i f i e d  upon 
c o o lin g , was co llec ted *
A s o lu t io n  o f  t h i s  oxim© In  a b so lu te  a lco h o l was h ea ted  to  
b e l l in g  under r e f lu x  condenser and th e  h e a tin g  d iscon tinued*  The 
tem p era tu re  was th e n  m aintained by adding s t r i p s  o f  sodium th rough  
th e  to p  o f  th e  condenser u n t i l  no fu r th e r  r e a c t io n  could be seen 
between th e  sodium and th e  a lc o h o lic  so lu tio n *  The co n te n ts  were 
cooled  and d i lu te d  w ith  w ater and d i s t i l l e d  in to  >̂0% h y d ro ch lo ric  
ac id  s o lu t io n  u n t i l  no more b a s ic  m a te r ia l cam© over* The alcohol*  
water# and u n reac ted  oxim© were removed by h e a tin g  th e  d i s t i l l a t e  
on a steam ba th  under reduced p re ssu re  u n t i l  th e  amine h y d ro ch lo rid e  
c r y s ta l l i z e d  i n  th e  fla sk *  The ac id  was n e u tra liz e d  w ith  40$ 
potassium  hydroxide* and th e  w ater la y e r  removed* The amine was
2P
d r ie d  by adding s o l id  potassium  hydroxide and th e  pure axdne 
o b ta in ed  by d i s t i l l a t i o n *
H eptadecyl amine wa© ob ta in ed  by using  m ethylhap tadeoylurethane 
o b ta in ed  from ©tearamide, and d i s t i l l i n g  w ith  th r e e  o r fo u r tim es 
I t s  w eight i n  s leek ed  lim e ( 7# 17 )#
The 0*01 molar s o lu tio n s  used fo r  a l l  *11* v a lu e  d e te rm in a tio n s  
were made up by p ip e t t in g  and weighing*
8ix ~ te n th 0 ©f a  m i l l i l i t e r  o f  each o f  th e s e  s o lu tio n s  were used 
fo r  each d e te rm in a tio n  o f  t h e i r  re s p e c t iv e  *’R* v a lu e s , and a l l  were 
determ ined in  d u p lic a te  or u n t i l  c o n s is te n t  r e s u l t s  were obtained*  
The column was packed under f u l l  su c tio n  by an a s p i r a to r ,  and 
th e  s o lu t io n  added and developed accord ing  to  s tandard  ©hrornate** 
g rap h ic  procedure# The amines were d e te c ted  by benaenediaaonium- 
f le u ro b o ra te ,  made s l ig h t ly  a c id  w ith  f lo u ro b o rlc  ac id  or th ey  were 
d e te c te d  by a lk a l in e  permanganate*
APPARATUS* The chrom atographic tube© used in  t h i s  study were 9 x 90 
mm* tu b es  made by th e  S c ie n t i f i c  G lass Apparatus Company, B loom field,
2t» J .
ADSORBEM’St The ad so rb en ts  in c lu d e  calcium  carb o n a te , Merck heavy 
powder, U* 6* P*i magnesium ox ide , Baker calcium  hydrox ide,
Bakes* and Andamson, 0* P# t o t  $25*
SOLVENTS* The so lv e n ts  in c lu d e  th lophene  f re e  benzene (Merck) and 
p u r i f ie d  petro leum  e th e r  B# The petro leum  e th e r  was p u r if ie d  by 
adding two p o rtio n s  o f  two pound® o f  fuming s u l f u r ic  ac id  to  two
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l i t e r s  o f  o th e r and a llow ing  each to  ©band fo r  f i f t e e n  to  tw enty- 
fou r h o u rs . The acid  wa© sep ara ted  o f f  and th e  e th e r  washed w ith  
two $00 m i l l i l i t e r  portion©  o f  ®ix m olar ©odium hydroxide © olution 
and d r ie d  over anhydrous sodium s u l f a te  fo r  tw en ty -fo u r hours*
The e th e r  was th e n  d i s t i l l e d  over sodium and f r a c t io n s  were co l­
le c te d  fo r  u se  w ith  b o ilin g  p o in t rang© o f  6$ to  S& deg rees c e n t i ­
grade* T his tre a tm e n t gave a so lv e n t t h a t  d id  n o t d e c o lo r is e  a lk a l in e  
perm anganate s o lu t io n  when used as a  s t r e a k  reagen t#
Table Vt summarizes th e  source o f  th e  amine© used fo r  t h i s  
study*
1TM 1“ 'm''1 n“ ' ’'Ifolftti' *®$«oWq 4 P*« aturaayeapae !£$«$«% *>Q *3t
r,f . ., ,, r Ff "' " 1)1 ' T r„. *■9&im x^ap^^»S *ll
~•¥jT''"r'" r 1 «ux®e x^®*pra*H •“cpf
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PRELIMINARY I WESTX0A TXG NS OF THE STERIC EFF&OT
IN CHROMATOGRAPHY
In  o rd er id  determ ine th e  e f f e c t  o f  mere th a n  one group In  th e  
m olecule ©n th e  chrom atograph!c behavior o f  a  compound and ale© to  
show th e  r o le  o f  s t e r l c  arrangement* a  p re lim in a ry  in v e s t ig a t io n  was 
made u sin g  th e  th re e  icom eric  n i t r o a n i l in e e  and ale© 2* 4 - d in i t r o -  
a n il in e *  The v a rio u s  adsorbent© Includes F ie r ie l l*  calcium  carbonate* 
s i l i c i c  acid# s p e c ia l  f i l t r o l *  magnesium oxide and calcium  a c id  phoe- 
p h a te . The r e s u l t s  o f  t h ie  study as shown in  T able VII in d ic a te  t h a t  
th e  g re a te r  th e  number o f  fu n c tio n a l groups th© s tro n g e r  th e  compound 
was adsorbed*
DISCUSSION* From th e s e  d a ta  i t  ©an be seen  th a t  th e  p o s i t io n  o f  th e  
fu n c tio n a l groups on th e  r in g  has on e f f e c t  on th e  a d so rp tio n  a f f i n i t y  
o f  v a rio u s  iso m eric  compounds* An assum ption was made in  ease  o f  
o -n itro a n il in ©  t h a t  one o f  th e  amine hydrogen atoms was in e f f e c t iv e  
due to  in te r n a l  hydrogen bond form ation* T his i s  b e liev ed  to  be th e  
cause  o f  th e  l e s s e r  a f f i n i t y  o f  t h i s  compound fo r  th e  adso rben t th an  
any o f  th e  e th e r  compounds used  in  making t h i s  study* bhcn th e  n i t r e  
group I s  f u r th e r  away from th e  amine group lay su ccess iv e  p o s i t io n s , 
th e r e  seems to  be a  g en era l decrease  i n  *RH v a lu e  o f  about 0*1 per 
p o s i t io n  fo r  a  g iven  system  o f  ad so rben t and so lven t*  In  add ition*  
i t  may be seen th a t  as th e  d ip o le  moment In c re a se s , th e re  i s  an 
in c re a s e  i n  th e  s tre n g th  o f  adsorp tion*
Q& lculated v a lu es  u s in g  th e  eq u a tio n  proposed by 1 ©Rosen end 
go-w orkers (2 ^ )  fo r  th e  movements o f  th e  zones o f  ©~nitro&nl 1 in o  
and p - n i t r o a n i l in e  a re  in  reasonab ly  good agreem ent a s  ©an be 
observed i n  T able T ill*  The h igh  c a lc u la te d  v a lu e s  on th e  a lk a l in e  
e a r th  ad so rb en ts  may r e f  lo o t  too  low an  hydrogen accep to r tendency 
assigned  to  th e s e  adsorben ts*  The value© o f  za*nitr© aniline  a re  
in te rm e d ia te  between th e  o rth o  and p a ra  isom er* a© would be ess* 
posted* So f a r  th e re  a re  no methods f o r  th e  a c tu a l  c a lc u la t io n  o f  
r a t e s  o f  movement fo r  th e  met© compound in  com parison to  th e  per© 
compound* T h is I s  due to  in s u f f i c i e n t  d a ta  on s t e r lo  e f fe c ts *  e tc*  
The added n i t r o  group i n  2*4*d in itro a n il in ©  seems to  c o n tr ib u te  a  
g r e a t  dea l to  i t s  adso rp tion*
I t  may be seen from T able T U I t h a t  th e  d if fe re n c e  between th e  
*R* v a lu es  o f  th e  o~ and la -n itro a n il  In© was found to  be about one 
u n i t  and t h a t  o f  th e  ©- and p*~ isom ers was found to  be two u n i te  
when u sin g  a c o n s ta n t system  o f  so lv e n t and adsorbent*  T his e x p e r i­
m ental f a c t  le a d s  to  th e  b e l i e f  th a t  a n i t r e  group which i s  o rth o  
to  an amine group only c o n tr ib u te s  abou t o n e -h a lf  I t s  normal power 
tow ard adsorp tion#  th e  o th e r  h a l f  being t i e d  up by in te rn a l  hydrogen 
bonding between th e  groups* When th e s e  va lu es a re  added# they  g ive  
a  v a lu e  o f  th r e e  u n its#  which when su b tra c ted  from th e  o - n i t r o -  
a n i l in e  **1̂  v a lu e  should g iv e  a good approxim ation o f  th e  "R® value  
f o r  a 2*4# d is u b s t i tu te d  n l tro a n il in e *  An o b se rv a tio n  o f th e  d a ta  
seems to  confirm  t h i s  in  cases where th e  magnitude o f  th e  ftR” va lue  
l i e s  between 0*2 end 0.6* This seem© to  confirm  th e  o r ig in a l  id ea  
t h a t  th e re  was some k ind  o f  r e la t io n s h ip  between th e  fu n c tio n a l group
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o f  th e  compound and th e  a d s o r b e n t .  W ith t h i s  c o n firm a tio n , a  g e n e ra l 
s ta te m e n t  earn h e  made th a t  th e  f u n c t io n a l  group© on a  compound w h eth er  
in t e r -b o n d e d  o r  n o t ,  te n d  t o  in c r e a s e  th e  a d so rp tio n  s tre n g th  o f th e  
com pound.
SXFSRXKKBTSi: t h e  s ta n d a r d  ch ro m a to g ra p h ic  te c h n iq u e  u s in g  0 . 6  m i l l i ­
l i t e r s  o f  e a c h  o f  t h e s e  s o lu t io n s  i n  a  number on e colum n was u se d  f o r  
ea c h  d e te r m in a t io n  o f  th e  *&* v a lu e s  * and a l l  W  v a lu e s  w ere d e term in e d  
In  d u p l i c a t e  o r  u n t i l  c o n s i s t e n t  r e s u l t *  w ere o b t a in e d .  T he tem p era -
iP%-
t u r e  f o r  e l l  d e te r m in a t io n s  was room tem p era tu re  (2 7  0 . ) .
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$ABxas m
**1** VALtrsis showing rsiativb ssqu^ci.] or adsorption of o» *» 
p- nit-roanhot abb or a^DiuxTROimLOT ok absorbents 
as shcot, using o. oi m. solutions
o -N itro a n ilin e  m -N itro a n illn e  D eveloper
% % B*
F I o r i s 11 0 ^ -5 0*20 0 ,3 6 0 .2 1 B en zen e
Q.OU - r -r-„ 0 .0 2 - r  ,.,-ir P e t  .E ither
C a lc lttm - 0 .9 6 0 .7 1 0 ,5 3 ..... o . 6 g B en zen e
oar’b o n a te Q .56 0 .2 7 0 .2 5 0 .1 6 P e t .H th e r
S i l i c i c o M ...  0 .2 3 .... 0 .2 3 0 .1 3 B en zen e
A c id 0 .0 2 0 .0 1 m i r r „ P e t .U th e r
S p e c ia l 0 .2 ^ .0 .1 1 0 .1 1  _ . .  0 -0 3 B en zen e
F i l t r o l o .o h 0 .0 1 F e t  .E ither
C a lc i im - 0 .9 3  .... 0 .7 0 o . s 6 0 .6 7 B en zen e
h y d r o x id e
0 .2 5 0 .1 1 0 .1 2 0*07 P e t .E th e r
M agneslua?- o . 6 h 0 .3 1 0 , 59. ...... .0 ,31 B en zen e
o x id e 0 . 1 s 0 .0 7 P e t .S t h e r
C a lc in m a c id - 1 .0 0 0 . 6S 0 .9 1 ...... 0 .7 0 B en zen e
p h o sp h a te 0 .3 1 0 .1 6 O .16 F e t .B th e r
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f  AHL3S VII (GCMIOTSED)
p-H1t r o a n i l in e 2 ,  h .D in i t r o a a i l  in e D eveloper
A dsorbent
% * r
FI o r  I s  11 0 . 2h _ 0 .15 w*w Benzene
0.01 —n-- 0.00 P e t .S th e r
C alcium - 0 .92 0 ,6 5  _ 0 . 9 0 ...... 0 .68 Benzene
carbonate 0 .12 0 .0 5 .... I--TT P e t.B th e r
S i l i c i c 0 . 1$ . . .  0 .09  . 0 . 11* 0 .06 Benzene
Acid 0.01 0.01 . P e t .S th e r
S p ec ia l
f-o•© - i - r - r 0 .06 m-T- 1 Benzene
F i l t r o l 0 .03 — — - — P e t .S th e r
Calcium— 0.78 0.51 0 .65  * T--r-r Benzene
hydroxide 0 .06 —r--- 0 .03  ... CTm-r P e t .S th e r
Magneeium- O.hH 0.09 - P . 33 - Benzene
oxide v . s .  ** v . s . — P e t .S th e r
C a le iu a a e id - 0 .S8 . 0 .65  . 0.81 0 .56 Benzene
phosphate
0.07 0.15 — - P e t .S th e r
* Caused e n t i r e  column covered  by zone to  be plnte to  red  in  c o lo r .
** Very elow zone
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TABLS T i l l
OGKPAHISCM 0? OAUHJLArSD k m  KXPTOIMETOAl 9a “-TAitT33 
Toa o-HITHOAJtlMEa ABB p-BITROABILIWB
P e tr o lm m  B th sr
IDS08BER* o -K l t r o a a i l  lu a p - S l t r e a a l l i M
C a lc . T d . C a le . ? d .
S p a c ia l  m t r e l o m o .o h 0 .0 1 0 .0 3
9U l « l o  lucid 0 .Q3 0 .0 2 0 .0 2 0 .0 1
J l o r i c i l 0 .1 0 O.OH 0 .0 7 0 .0 1
O a lo lto i A c id  
Phocphat©
0 .5 5 0 .3 1 0  M 0 .0 7
Kagnealt&B O xide 0 .2$ 0 .1 8 0 .1 7 » . » .
C a lc la a  S y d r o x id e Q.? 5 0 .2 5 0 .5 7 0 .0 6
C a le iu s  G arbonata 0 .5 6 O .56 0.1#> 0 .1 2
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TAB1S T ill  (COHTIKtran)
m so m w s
Becu&ene
o -H itro a n ilin e  p-H i  t r o a n l l l a e
Cale. Fd. C alc . F&.
S p e c ia l  m t r e l 0.07 0.2^ 0.0^ 0.07
S i l i c i o  Acid 0.X5 0 M 0 .09 0 .1 8
F X oria iX 0.33 0 .U9 0 .26 0 . 2^
C alcium  A c id
Phosphate
0.85 1.00 0 .77 0 .88
K&gaeaiuai Oxide 0*63 0 . 6^ G.J46 o.hh
C alciu m  Hydroxide 0.97 0 .93 0.9^ 0 .78
C alcium  C arb onate 0 .S9 0.96 0.13 0 .92
1 .  P r e lim in a r y  I n v e s t i g a t io n  o f  one com ponent p u re  s o lv e n t  
sy ste m s*
B a r l i e r  s t u d i e s  i n  t h i s  s e r i e s  h a r e  b e e n  d e le t e d  to  I s o l a t i n g
d i f f e r e n t  v a r ia b le *  a f f e c t i n g  t h e  b e h a v io r  o f  s u b s ta n c e s  on  t h e
ch ro m a to g ra p h ic  co lu m n . In  c o n n e c t io n  w ith  th e  d evelop m en t o f  th e
th e o r y  r e l a t i n g  t o  th e  r o l e  o f  a d s o r p t iv e  s t r u c t u r e  i n  ch rom atography
t h e  s o lv e n t  h a s  b e e n  assum ed t o  com pete f o r  t h e  s u r f a c e  o f  t h e  a d so r b e n t*
w h i le  o th e r  e f f e c t s  su c h  a s  s o lv a t io n  h a v e  b e e n  g iv e n  o n ly  m inor c o n -
*
s i d e r a t i o n .  f h l s  v ie w p o in t  seem ed j u s t i f i e d  b y  th e  good  a g reem en t  
b e tw e e n  c a l c u la t e d  and e x p e r im e n ta l "H* v a lu e s  a s  w as shown i n  f a b l e  
7X1 X* I t  seem ed* n e v e r t h e le s s *  d e s ir a b le  t o  i n v e s t i g a t e  much m ere 
th o r o u g h ly  th e  r o l e  o f  th e  s o lv e n t  i n  ch rom atograp h y , and e s p e c i a l l y  
t o  s tu d y  m ixed  s o lv e n t s  a s  d e v e lo p e r s*  t h e  p r e s e n t  work can  b e  con­
s id e r e d  a s  o n ly  th e  b e g in n in g  o f  work I n  t h i s  r e l a t i v e l y  c o m p lic a te d  
f i e l d *
I n  t h i s  s tu d y  a  p r e l im in a r y  su r v e y  was made o f  a  number o f  p u re  
s o lv e n t s *  f h l s  was f o l lo w e d  by * a  e x t e n s iv e  s tu d y  o f  s e v e r a l  two and  
t h r e e  com ponent s o lv e n t  m ix tu r e s  o f  v a r y in g  c o m p o s it io n  u s in g  o - n i t r o -  
a n l l l n e  a s  th e  s u b s ta n c e  chrom atographed*
D a ta  f o r  th e  p r e l im in a r y  su rv ey  o f  a  number o f  s o lv e n t s  a s  d e v e lo p e r s  
u s in g  compounds r e p r e s e n t a t iv e  o f  v a r io u s  s t r u c tu r e  c l a s s e s  a r e  g iv e n  
i n  f a b l e s  X* XI* and X IX . f h e  c l a s s e s  r e p r e s e n te d  a r e :  donor* t r i e t h y l
Hi
a m in e , a c e t o n e ,  and e t h y l - a l l y l  e th e ir ; hy& rogen-bon& ing (e n d  n e c e s s a r i l y  
d o n e r ) ,  a n i l i n e ,  p h e n o l ,  and e t h y l  a lc o h o l ;  p o l a r ,  n it r o b e n z e n e  and  
n itr o p r o p a n e ;  a c i d ,  p r o p io n ic  a c i d .
D isc u ss io n .*  I n  m ost o f  t h e  p r e v io u s  s t u d i e s  o f  s o l v e n t s ,  th e  e e l  v e n t  
and  a d e o r h e n t  w ere h e ld  c o n s ta n t  w h i le  varying: th e  c o n f ig u r a t io n  o f  t h e  
a d s o r p t iv e *  h o w e v er , i n  t h i s  c a s e ,  th e  a d e o r h e n t an d  a d s o r p t iv e  w ere  
h e ld  e o n s  t e n t  and t h e  s o lv e n t s  w ere v a r ie d  h o th  i n  c o n f ig u r a t io n  and  
d on or an d  a c c e p to r  t e n d e n c ie s .  A l i s t  o f  th e  v a r io u s  e e lV e n ts  n e e d  
and  t h e i r  f u n c t io n s  tow ard  th e  a d e o r h e n t ca n  h e  s e e n  i n  t a b l e  IX ,
fro m  t h e s e  d a ta  a s  show n, some g e n e r a l  c o n c lu s io n s  ca n  h e  draw n.
I n  t h e  s tu d y  u s in g  s i l i c i c  a c i d  a s  th e  a d e o r h e n t , t h e  s t r o n g e s t  ad­
so r b e d  compounds w ere t h o s e  o f  th e  e l e c t r o n  donor ty p e  a d s o r p t I v e s ,
T h is  w as e s p e c i a l l y  t r u e  i n  th e  c a s e  o f  t r l e t h y l  a m in e , t h e  h e a d in g  
b e tw e e n  i t  and  th e  a d e o r h e n t seem s to  h e  o f  a  c h e m ic a l n a tu r e  w ith  
r e s p e c t  t o  t h e  movement o f  th e  compound on  t h e  co lu m n , h ow ever when  
s t r e a k e d  w ith  a  n ic k e l  d im e th y lg ly e r im e  r e a g e n t  th e  t y p ic a l  r e d  so n s  
c a n  h e  d e t e c t e d  in d ic a t i n g  tb s  f r e e  agfttme s t i l l  e x i s t s ,  tfo s o lv e n t  was 
fo u n d  i n  t h i s  i n v e s t i g a t i o n  th a t  c o u ld  d i s p l a c e ,  e l u t e ,  o r  d e v e lo p  t h i s  
compound on  a  s i l i c i c  a c i d  colum n. On b a s i c  a d so r b e n ts  su c h  a s  
a l k a l i n e  e a r t h  a d s o r b e n ts  th e  am ine c o u ld  h e  moved w ith  s e v e r a l  d i f ­
f e r e n t  s o l v e n t s ,  T h is  l e a d s  t o  th e  g e n e r a l c o n c lu s io n  t h a t  a d so r b e n t  
a a d  a d s o r p t iv e  o f  l i k e  c h a r a c t e r i s t i c s  ten d  n o t t o  h e  s t r o n g ly  a t t r a c t e d  
t o  e a c h  e t h e r ,  f o r  s t r o n g  a d s o r p t io n  th e r e  m ast h e  some k in d  o f  ch e m ic a l  


























































































































































tm m  %x
u r n  or sc&fnifs w  4m n«r a® soosoa or p«jsas»
X* In ert 
a ,  B tb y l  h e m e a e  
b . Carbon te trach loride 
e . Gyclobexaae 
2 * P o la r
a .  N ltr o b e n a e a e  
h .  O h lo r eb en zen e  (I te a g e a t)  
e .  C arbon d i a o l f i d e
}• SdBftf
a .  B ie t h y l  e t h e r  (Anhy&rou*)
b . Acetone
e .  Itfcyl acetate  
d. Pyridine
K  s-Bond 
a .  Q h lo r c fe m
b .  M eth y l a lc o h o l
5 . Acid* (H )
a . Acetic acid
Eastman Kodak Go.
J .  f .  B ak er C hem ica l Go.
Baetnen Kodak Go.
1 .  $* B ak er C hem ical G o. 
f i s h e r  S c i e n t i f i c  G o. 
l i n e r  and Amend, l e v  York
B aker and A da»*on Go.
P ie b e r  S c i e n t i f i c  C o.
G en era l C hem ica l Go.
M erck and 6 c .
K i c k e r  S c i e n t i f i c  Oo.
Baker and Adaaeen Go.
1 . 1 .  D upont and de B erso tira  Oo.
TA3LB X
"a* rasas cr various obsahio compotwds os silicic 
acid v s im  F tm  sa&mrrs
o o i f o q d
S ib y l
b en zen e
N it r e
b en zen e
D ie t h y l  
■ e th e r
1 I '  ” 
f
, g  , 
$ »




t r i  e t h y l < 0 .1 0 .0 < 0.1 0 .0 < 0 .1 0 .0
am ine
P h en o l 0 .16 < 0 ,1 0 .76 o . h k 1 . 0 0 .T7
A n i l in e G.1& 0 .0 0.1(2 0 .29 0.93 0 .55
S ib y l  a lc o h o l 0 .1 0 .0 0 . 3.6 0 .0 ----- —
A c e to n e 0 . l6 0 .0 0 .23 0 .0 0 .6 0.51
N itr o b e n z e n e o.sa 0.51 — 1 .0 0.9H
S tb y l a l l y l 0 .1? < 0 .1 q.MS o.ai 1 .0 o.9h
e t h e r
P r o p io n ic  a c id < 0 .1 0 .0 0 .3  s 0 .0 0 .60 0.33
R itr o p r o p a o # 0.21 0.0 1.0 0.82
*8
f£B m  x (oaraiHBSB)
e m m m
Q h le r e -  
b en zen e
C h loro ­
form
A ceto n e  Carbon  
t e t r a ­
c h lo r id e
V ,v, n_ % s  % %
2 r i e t h y l  am ine < 0.1 0 .0 < 0.1 0 .0  < 0 .1 0 .0  <0.1 0 .0
P h en o l 0.1% 0 .0 0.10 0 .0 1 .0 0 . 75< o .l 0 .0
A n i l in e 0 .1 6 0 .0 0 .20 0 .0 1 .0 0 .72*0 .1 0 .0
Btfcgrl a lc o h o l 0 .1 0 .0 0 .1 0 .0 ----- —  <0.1 0 .0
A ceto n e 0 .1 0 .0 0.20 0 .0 ----- —  <0.1 0 .0
n it r o b e n z e n e 0.6% o .%3 0.79 0 .§ 6  1 .0 0 .92  0 .19 0 .12
S t h y l  a l l y l  e t h e r 0 .1 6 0 .0 0.37 0.29  1 .0 o .« 5 < o .i 0 .0
P r o p io n ic  a c id < 0.1 0 .0 <0.1 O.O ----- —  <0.1 0 .0
B itr o p r a p a n a  O .kJ  0 .2 8  O .67 0 .^ 5  1 .0  0 .8 8  0 .1 2  0 .0
TABUS X I




Carbon S thy l 






p y r id in e
T r ie th y 1
amine
O.06 0 .1 0 .1 0 .1 — ------
Phenol 1 ,0 0 .1 1 .0 0 .1 1 .0 1 .0
A n ilin e 1 .0 0 .1 1 .0 0.1 0 . 2S 1 .0
13 thy 1 
A lcohol
1 .0 0 .1 1 .0 0 .1 — —
Acetone 1 .0 0 .1 0.67 0.1 0 .75 —
N itrobenzene 1 .0 0.21 0.72 0 .1 1 .0 —
S tb y la l ly l
S th e r
1 .0 0 .1 1 .0 0 .1 1 .0 —
Proponic
Acid
1 .0 0 .1 — 0 .1 — —
H itrop ropana  1 .0  0 .1  0 .70  0 .1 0 . 6a
*7
TAILS XII
VALOIS OF VARIOUS GROASflC GCMPOUKDS OK CALCIUM 
HTBROXIDS USING- PUR13 SOLVENTS*
CO&PGUHD
B th y l  
t e n s a n .
K l t r o -  
b e a z e n e
D ie t h y l
e th e r
\ * , Y , r * **
T r i e t h y l  am ine < 0 .1 0 .0 0 .6 6 0 .7 0 1 .0 0 .6 1
P h en o l < 0 .1 0 .0 1 .0 0 .7H O .l!* 0 . 0
A n i l in e 0 .9 0 0 .6 6 0 .6 6 0 .7 0 1 . 0 0 .6 6
E th y l a lc o h o l 0.1#) 0 .1 6 ** ** — —
A ceto n e 0 .B 9 0 .7 1 _ — — —
N itr o b e n z e n e 1 . 0 1 .0 ----- ----- 1 .0 0 .6 0
E th y l a l l y l  e th e r 0 .1 1 0 .0 ----- ----- — —-
P r o p io n ic  A c id — — ----- ----- < 0 .1 0 . 0
N i t r  op r ©pane 0 .1 6 0 .0 ----- ------ 0 .2 0 0 . 0
* Acetone n o t shown because of i t s  In te r fe re n c e  in  a l l  t e s t s  fo r  
adsorbed  m a te r ia ls  on th i s  a d so rb en t.
** Because o f deep red  zone a t  top  of column* the rem aining members 
o f t h i s  group could  n o t be d e te c te d .
TABLB XII (CcmiEUSD)






t e t r a ­
c h lo r id e
By ** * *9 a* %
T r ie th y l  a a in e 1 .0 O.89 1 .0 0.80 ------ —
Phenol < 0.1 0 .0 < 0 .1 0 .0 < 0 .1 0 .0
A n ilin e 1 .0 o.jo 1 .0 0 .77 0 .8*+ 0.6 3
S th y l a lc o h o l 0 .66 0 .1+3 0*77 O.58 0 .26 0 .13
Acetone 0 .86 0.69 1 .0 0 .72 0 .92 0 .73
Hitrobenzen© — — 1 .0 O.69 1 .0 0 .72
B thyl a l l y l  e th e r 1 .0 0.80 1 .0 0.79 0.21 0 .0
P ro p io n ic  a c id <0 .1 0 .0 < 0.1 0 .0 < 0.1 0 .0
S itro p ro p an e 0 .22 0 ,0 0 .U1 0 .0 0.15 0 .0
2 . Study « f Mixed S o lven ts in  Chromatography
In  th e  p rev ious study  a  survey was cade o f seme s e le c te d  so lv en t*  
In  an  e f f o r t  to  d e te o t  any s p e c i f ic  develop ing  a c t io n  o f  th e s e  s o l ­
v e n ts .
S ince  th re e  component so lv e n t system s a re  o f te n  used  in  chroma­
tography  a s  d e v e lo p e rs , I t  wee d e s ira b le  to  c o l l e c t  some in fo rm a tio n  
i n  a  sy s te m a tic  way f o r  a  few re p re s e n ta t iv e  system s. I t  was hoped in  
t h i s  way th a t  i t  m ight he  p o ss ib le  to  p rov ide  a  p re lim in a ry  b a s i s  o f 
th e  most o f f s e t iv e  use  o f  such system s, th e  fo llo w in g  work was c a r r ie d  
o u t w ith  t h i s  purpose l a  mind.
The s e le c t io n  o f  th e  system s used  h e re  was w ith  th e  c o n s id e ra tio n  
th a t  e s s e n t ia l l y  th re e  fu n c tio n s  a re  re q u ire d  o f a  developers i t  p ro ­
v id es  th e  n ecessa ry  l iq u id  medium f o r  th e  moving phase i n  th e  p ro cess  $ 
i t  p ro v id es  a  so lv e n t f o r  th e  substance  chroiaatographed; i t  a id s  in  
th e  d e so rp tio n  p ro cess  e i th e r  by co m p etitio n  f o r  ad so rben t su rfa c e  o r 
by s o lv a t io n  o f th e  adsorbed s p e c ie s . I t  i s  Im portan t to  n o te  th a t  
each  o f th e  above fu n c tio n s  may be perform ed by d i f f e r e n t  so lv e n ts  in  
a  m ix tu re . T h is o b se rv a tio n  may su g g est th e  e x p la n a tio n  o f th e  h igh  
e f f e c t iv e n e s s  o f mixed so lv e n ts  in  se p a ra tin g  the  components o f mix­
tu r e s .
The experim ental d a ta  f o r  o - n l t r o a n l l in e  chrom atographed from 
some two component system s i s  g iv en  in  ta b le s  and graphs shown below , 
f o r  th e  th re e  component system* m ix tu res of petroleum  e th e r  and benzene
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w ere  u s e d  a* & t a t s ;  t h e s e  w ere i n  t h e  h ig h  b e n so n e  ra n g e  w here  
d ev e lo p m en t i s  s t r o n g e s t  and in c lu d e d  1 :1 , 2 :1 , and 3*1  bej*asne«» 
p e tr o le u m  e th e r  m ix tu r e s*  57o t h e s e  m ix t u r e s * v a r y in g  am ounts o f  
a  t h ir d  com ponent w ere added* and th e  d e v e lo p in g  pow er o f  th e  m ixed  
d e v e lo p e r  was d e term in e d  l a  r e f e r e n c e  t o  th e  gB* v a lu e  o f  o - a i  t r e ­
n a i l  l a s *  f h e  t h ir d  com ponents w ere  s e l e c t e d  to  r e p r e s e n t  th e  d t f -  
f e r s n t  c l a s s e s  o f  compounds r e l a t i v e  to  h y d rogen  b o n d in g t in e r t*  
ca rb o n  t e t r a c h l o r i d e ; donor* d ib u t y l  e t h e r ;  p a r e  h y d rogen  doner*  
e h lo r o fo r m ; b l f u n c t io n & l , e t h a n o l .  M ethanol was a l s o  ln e lu d e d  b u t  
was l i m i t e d  l a  a p p l i c a t i o n  b e c a u s e  o f  l i m i t e d  s o l u b i l i t y  i n  p e tr o le u m  
e t h e r ,  d l l  d a ta  r e p r e s e n t  d u p l ic a t e  o r  b e t t e r  d e te r m in a t io n s *
l a  g e n e r a l  th e  p l o t s  o f  *&* v a lu e  v e r s u s  p e r c e n t  m ix tu r e  f o r  th e  
b in a r y  sy s te m s  shew ed a  l i n e a r  r e l a t i o n s h i p  b e tw een  th e s e  two f a c t o r s  
w it h  t h e  e x c e p t io n s  n o te d  f o r  th e  a l c o h o l s ,  t h e  r e l a t i o n s h i p  b e tw een  
t h e  r a t e  o f  movement f o r  th e  a lc o h o l  d e v e lo p e d  colum ns d id  n e t  shew  
an y maxima o r  m inim a b u t  a  g ra d u a l I n c r e a s e  i n  d e v e lo p in g  pow er a s  
t h e  a lc o h o l  c o n te n t  was in c r e a s e d .
The te r n a r y  m ix tu r e s  show ed a  l i n e a r  r e l a t i o n s h i p  b e tw een  th e  
r a t e s  o f  d ev e lo p m en t and  p e r c e n t  co m p o s it io n *  w ith  e x c e p t io n  a g a in  
n o te d  I n  th e  e a s e  o f  a lc o h o l  ey e  terns. I t  I s  b e l i e v e d  t h a t  t h i s  d e v ia ­
t i o n  ea n  b e  e x p la in e d  on th e  b a s i s  o f  th e  a c t i v i t y  o f  th e  f u n c t io n a l  
grou p  o f  th e  a l c o h o l .  I n s t e a d  o f  I t s  a c t in g  a s  a  m o n o fu n c tio n a l group*  
a s  was b e l i e v e d  o f  th e  a c t io n  o f  th e  o th e r  t h ir d  com ponents ch osen *  th e  
-OB g ro u p  a c t s  a s  a  b i f u n c t io n a l  g r o u p , t h i s  b e in g  eo* and o th e r  con ­
d i t i o n s  e q u a l a  d i f f e r e n t  ty p e  o f  r e l a t io n s h i p  b e tw een  th e  **R* v a lu e  
and  t h e  c r a p e s ! t lo n  w cu ld  b e  e x p e c te d .
f h e  d a ta  p r e s e n te d  f o r  p - a i  tro& n iX in e In  (Table Z J lf  h m  b e e n  
p l o t t e d  i n  f i g u r e  7  t o  show th e  r e l a t io n s h i p  b e tw een  th e  HS W v a lu e  
and  th e  c o m p o s it io n  o f th e  m ix tu r e  o f  d e v e lo p in g  s o l  r e n t .  In  t h i s  
e a s e  t h e  r a t e  o f  movement b e tw een  th e  tw o p o r e  s o lv e n t s  i a  n e t  g r o a t  
enough  t o  f o r a  angr c o n c lu s io n s  f o r  t h i s  compound. However t i n  g e n e r a l  
i t  c a n  h e  o b a erv ed  t h a t  th e  g r e a t e s t  e f f e c t  of t h e  se c o n d  com ponent 
l a  shown t o  e x i s t  b e tw e e n  th e  r a n g e s  o f  3 3 .3 #  an d  6 6 . 6 #  o f  th e  
d e v e lo p in g  s o l v e n t .
fm a xsn
•b* v a iu b  car p -H imomtzjm  o r  s x u c i c  mm nm  $w  s c a t n a m f  
Kixmm car mrnmsi m> mmmmu s n .  sxxacxc acxb washed 
is ooLxm mm mm<m &m wm&omm m m ..
#  B ens one S ,̂ B^
0 0 .02 0 .00
15 0 .03 0 .00
25 o .o h 0.00
33 .3 0,05 0.00
50 0.07 0 .00
66.6 o . n 0.00
75 0 .12 0 .00
*5 0.13 0.00
100 0 .13 0 .00
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From th e  d a te  i n  Table XXV a  s im ila r  graph 1© shown fo r  o~niiro~  
a n i l in e  a t i i ^  th e  tame developing system* T his ad,sorptive, g iv e s  about 
th e  same ty p e  o f  8 -shaped eurve as th e  p ~ n itr  © an iline  which seems to  
in d ic a te  t h a t  th e  e f f e c t s  o f  th e  so lv e n t a re  siM X ar i n  bo th  o f  th e  
isom ers* T here is#  however# a  d if fe re n c e  in  th e  v a lu e  between 
th e  two which hoe been p rev io u s ly  brought o u t a s  probably  due to  th e  
in te r n a l  hydrogen bonding in  th e  o ^ n itro an d lin e*
Since o - n i t r o a n i l in e  ©bowed th e  g re a te r  response to  a so lv e n t 
m ix tu re  a s  compered to  p~ n i t r o  a n i 1 i  ne, i t  was chosen i n  making o th e r  
r e p re s e n ta t iv e  s tu d ie s  w ith  mixed so lven ts*
The d a ta  from Table Wf from th e  chloroform -b e n s s e n e  system  le  
shown g ra p h ic a lly  in  F igure  9* i n  t h i s  system th e  c o n stan t in e re a e e  
o f  th e  chloroform  to  th e  system  ten d s  to  g ive  a l in e a r  in c re a s e  to  
th e  r a t e  o f  movement o f  th e  adso rp tive*  In  t h i s  system o f  solvent© 
th e r e  i s  an  hydrogen donor solvent* chloroform* and a r e l a t i v e ly  i n e r t  
so lv e n t, benaene* T his c o n s ta n t in c re a se  in  th e  developing power o f  
t h i s  system  o f  so lv e n ts  could p o ss ib ly  be a t t r ib u te d  to  a so lv a tio n  
f a c to r  between th e  a d so rp tiv e  and chloroform , th u s  d ecrea sin g  i t s  
a f f i n i t y  fo r  th e  adsorbent* Another f a c to r  to  be considered  i s  th e  
r e l a t i v e  e ls e  o f  th e  two m olecules—In  t h i s  case  th e  chloroform  i s  
sm aller* th e re fo re  more com petitive  fo r  th e  su rfa ce  o f  th e  adsorbent* 
T h is same e f f e c t  i s  shown in  F igu re  10 fo r  a petroleum  e th e r -  
ch loroform  system* However th e  e f f e c t  l e  not shown to  a marked degree 
u n t i l  th e  chloroform  I s  about 5 5 * ^  ^*® so lv en t mixture* T his
delayed  e f f e c t  a t  low chloroform  co n ce n tra tio n  could be a t t r ib u te d  
to  th e  f a c t  t h a t  both components o f  th e  so lv en t m ixture e re  a lip h a t ic *
fm m  x i?
•e* TALtjss m ib & tm m th tm  oh s i lx q ig  a o ib  w m  w o  ocwpowstf 
H i m i  o r i m u B  aied i n .  s i l i c i c  a g ib  w a s ito
i h  o < & w  wish mmmm m  wmmmm msm
$> B en sen e *? Bt
0 o . o h 0 .0 0
15 0 .0S 0 .00
25 0.09 0 .00
33 .3 0*12 0 .00
50 0 .X7 0 .00
U .$ 0*27 0 .07
7 5 0 .3  a 0.09
$5 0.35 0 .0$
1 0 0 0.39 0.3&
f l i i *  w ould  eeom t o  r e ta r d  t h e  o f  f o o t  o f  th e  more a c t i v e  
com ponent i n  ta k in g  o v e r  th e  dow el © ping r e s p o n s i b i l i t y .
l e  f i g u r e  X I , th e  r e l a t i o n s h i p  1* shown b e tw een  th e  *EW 
v a lu e  and th e  c o m p o e it io n  o f  a  th r e e  com ponent sy ste m  o f  s o lv e n t *  
w h ich  a r e  com posed o f  c o n s t a n t  r a t io *  o f  b e a se n e -p e tr o le u m  o th e r  
w it h  th e  t h ir d  com ponent v a r y in g .  In  t h i s  c a s e  c h lo r o fo r m  was u s e d  
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S ilic ic  acid waa prewaahed with acetone and petrole-um e th e r  
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O-NITROANILINE (0.01 M) ON SILICIC A C I D  DEVELOPED 
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la  ali***4#  tfca obloroform iaaraaaad 4a a 1 0 #  |W # 
•a irao t 4H# *»* valw* mmmmA to  follow a atrai& ht lin o  rel«tio»#hAp* 
I t  )»§ haaa afcewa by af^arim aatal avl&aaa* th a t th* tlopo o f ilt# 
*mw»«bo^po4*o1«w» «th<w*~ chi or of<•>*•» tyaiaa la  «|tft*| to  tho *Xof*a o f  
tho I I I  ban»ena~ pairelawm athar*chlorofo ra  ayataa* two^tMf^O
Of to o  O ltforoaoo featwaoa tOo t i l  aad 9*1 feam aaarpatralm m  atbar- 
ahlorof&rtt *y*t«su With th l*  ffcai aatabliehad* th# aleyaa m m  to  
wood to  oalouleto on •’a* vaiu* for assy Of tto  fN*r#***tagaw wood for 
ifei* th ird  ooooosoosrt oatl ilsaaa ra tio#  of baa****** pair ©loom otfeor 
sBlxtoroo*
ih o  Ry wetluo ^rariaaeX y do tortttaod  by th o  * 99*9 
r a t i o  o f  fc*M«no»p«tfroloBMft a ih a r  a# ih o  **yw iw tara*p t»  o r  % $ | fo r  
*ac* yoroioato$o o f  th o  th i r d  a&mp&aasai a#tr<g mj &ad a *  a« oloyoo o f
1*1 aisd 9*1 feo«»oao*oo%roloois o tho r r a t io *  th o  R^*l oaa to  e a law la iad  
f o r  aiay p erew a ta g #  o f  th o  t h ir d  eattyanwat f o r  a 2*1 b«mr an a- p  e t r o l  «u<a 
♦ th a r -  e h io r o fo r t«  itdxturo*
*  m 0 , 8 7 9  *  10“ 5  
a m 0 ,889  * W“ ?  
f o r  t fe ia  p a r t ic u la r  a y a ta a  tho  f o l lo w in g  ^ t X  v a iu e t  a ro  eomparad*
8a u  * h ’  ^ 5 C « | -  ■ s J ' + S . l
Olopoo a re  flthowa by experim ent to  ho*
» i  * 0 ,579  * io~ 5
$  OBOl. 
J






0 , 4 ?
0*5 8
0 .4 5
0 . 4 ?
61
D ata f n »  T able XVI i s  shown g ra p h ic a lly  In  Figured la* 1^* 
a n i  14* and shew th e  eame ty p e  o f  r e la t io n s h ip  a s  p rev ious s tu d ie d  
exempt t h a t  earbon te t r a c h lo r id e  was used a* th e  second and th i r d  
component Ter th e  d i f f e r e n t  systems*
Xn moat eases* when th e  p e rcen tag es  o f  m ix tu res were varied*  
th e  r e la t io n s h ip  between th e  r a t e  o f  movement and th e  p e rsen tag e  
o f  th e  t h i r d  component was lin e a r*  However* i t  i s  f e l t  t h a t  seme 
o f  th e s e  d e v ia tio n s  could be caused by changing b a tch es  o f  ad~ 
sorben ts*  th u s  g iv in g  r i s e  to  d i f f e r e n t  r a te s  o f  movements f o r  
th e  tame system  o f  so lv e n ts -






















































































































































































































































































































































O-NITROANILINE (O.OI M) ON SILICIC ACID DEVELOPED 
WITH C ARBON T E T R AC H LOR ID E -  PE TROLE UM ETHER MIXTURE
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Figure* 15* 1$* 17 p re se n t gr& phlc&lly th e  r e s u l t s  o f  u s in g
n -b u ty l  e th e r  i n  th e  two and th ro e  component system s, a s  shown in  
T ab le  XVII* Again a d iscrepancy  can b© observed i n  th e  b u ty le th e r -  
benzene system , b u t as th e  e th e r  1® in c re a se d  to  about 25 per een t 
th e  r e la t io n s h ip  seems to  fo llow  a s t r a ig h t  lin e *
The curve la b e le d  J ’ i n  F igure 17 shows d a ta  ob ta in ed  e x p e r i-  
m en tally  ©n b a tc h  #5 washed and d r ie d  c i l i o l c  acid# At t h i s  p o in t 
a  new ba tch  had to  be s u b s ti tu te d  and th e  curve showing th e  1 sI 
B e n s e w  P e tro l  mm e th e r  system  was determ ined* As can be observed# 
th e  Rp v a lu e  fo r  100 p er c e n t bu ty l e th e r  d id  no t c o in c id e  w ith  p re ­
v io u s ly  determ ined v a lu e s  on th e  5*1 benzene-petroleum  e th e r  system* 
T h is  meant t h a t  th e  new adso rben t had to  he s tan d ard ized  and compari­
son o f  experim en tal and c a lc u la te d  fty v a lu e s  made to  r e - e s t a b l i s h  th e  
c e n t r a l  p o in t f o r  th e  100 per cen t b u ty l e th e r  *R* value# Using th e  
s lo p e  from th e  1 s i  benzene-petroleum  e th e r -e th e r  system  and c a lc u la t in g  
th e  slope  fo r  5*1 bens o n e -p e tro l eum e th e r - e th e r  system* t h i s  new curve 
was e s ta b lish e d *  To s u b s ta n t ia te  fu r th e r  i t s  e x is te n c e  fo r  b a tch  #4 
o f  s i l i c i c  ac id  experim en tal #R11 v a lu e s  were determ ined which co incided  
w ith  th o se  p rev io u s ly  ca lcu la ted *
The fo llow ing  assum ptions and c a lc u la t io n s  were used fo r  t h i s  work*
Ri » i  *  ®i*  +  »x*x Rj s i  * “ 5X + Bj a
* ■ ,  ,  » > .!  -  » , . i
-5
x s  per cen t o f  th i r d  component 
Using# a t  100 per een t b u ty le th e r
Rl » l  *  ° * ? 7  R j , !  «  O .57
6?
A* Ojt hutjrl ether (frem previous experineate)
a i u  s ® ^  V s  0 *3 2
* 1 *1 Bi i i  = 3>1 3»l i ^  a -  0.21 z  k% l0 -3
T l  *3  SO - 1 0
o r
“ -  (h3--I -  g3 ;x K  -  to.5T -  0.3g)(» « IQ*3)
3 ■ l i l - ■ i t l  "  0 . 5 7 - 0 . 1 ?
* 3  s  2 .5  *  10“ 3
U sin g  t h i s  s l o p s  t h e  f o l lo w in g  w sr s  © a lo u la ts d  and d e term in e d  
e x p e r im e n t a l ly .
$  Ether Cale. Bxp ■
>10 o M  0 .H 3
6 0  o .U ?  o .^ S
fX
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O-NITROANILINE (0.01 M) ON SILICIC ACID 
DEVELOPED WITH BENZENE-PETROLEUM ETHER 
MIXTURE CONTAINING N-BUTYL ETHER
.20
► 5 0




The d a ta  a s  shown In  T a b le s  XVIII and  XIX f a r  each  system  o f  th e  
a lc o h o ls  g iv e s  a  fa m ily  o f  smooth cu rv es  w hich seems to  he  e o n * la te n t  
f o r  th e  a lc o h o l  a e r i e s .  These cu rv es  a r e  shown f o r  each  system  in  
F ig u re s  IS* 1 9 * 20* 21* and S2(
A ll v a lu e s  a r e  w i th in  ex p e rim e n ta l e r r o r  ex c e p t 5 p « r c e n t  s o lu ­
t i o n  o f  e th y l  a lc o h o l In  2 :1  and 3*1 B e a se n e -F e tr  eletna X th e r . These 
v a lu e s  w ere checked  a s  w e ll  a s  o th e r  p o in ts  on th e  c a rv e  w ith  no change 
In  v a lu e .  T h is  may he  due to  a  p r e f e r e n t i a l  a d s o rp t io n  o f  t h i s  low  con­
c e n t r a t i o n  o f  a lc o h o l  from  th e  m ixed s o lv e n ts  w hich le a v e s  th e  m ajo r 
p o r t io n  o f  t h e  d ev e lo p in g  power o f  th e  s o lv e n t  up  to  th e  B ensene- 
P e t ro le u a  S th e r .
The g e n e ra l  t r e n d  f o r  a l l  o f  th e s e  s o lv e n t  m ix tu re s  seems to  
i n d i c a t e  t h a t  f o r  m ost any ty p e  o f a d s o rb e n t-a d s o rp tiv e  system* a  
s o lv e n t  can  h e  o b ta in e d  w hich can  he u sed  i n  s e p a ra t in g  a  compound 
from  a  m ix tu re .  T h is  was found to  he  t ru e  f o r  a d s o rp t iv e s  w here th e  
h e a d in g  i s  n o t o f  a  chem ical com bining n a tu r e .  The system  o f  p e tro le u m  
e t h e r  s a d  m ethyl a lc o h o l c o u ld  n o t b e  s tu d ie d  b ecau se  th e  s o lv e n ts  were 
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O-NITROANILINE (O.OI M) ON SILICIC ACID DEVELOPED 
WITH ETHYL ALCOHOL-BENZENE MIXTURE
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O-NITROANILINE (0,01 M) ON SILICIC 
ACID DEVELOPED WITH BENZENE -
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100
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FIGURE 22
A ll so lv e n ts  used  l a  t h i s  study were f i r s t  te s te d  f o r  Im p u rit ie s  
t h a t  would i n te r f e r e  w ith  the  d e te c t io n  of a  zone on the  column by 
runn ing  b lan k s  and u s in g  a p p ro p ria te  s tre a k  rea g en ts  th a t  were neces­
sa ry  f o r  each compound. I f  the  so lv en t showed aa im purity  th a t  was 
s tro n g ly  adsorbed on th e  column, the  so lv e n t was p u r i f ie d  b e fo re  u s in g , 
by  f i r s t  runn ing  i t  th rough th e  column and c o l le c t in g  th e  f i l t r a t e  and 
th e n  checking  i t  ag a in  on ano ther column f o r  f u r th e r  im p u r i t ie s .  I f  
no im p u r i t ie s  cou ld  be d e te c te d , i t  was assumed to  be pure enough fo r  
developm ent purposes f o r  each compound. In  some c a se s , however, a  
d i s t i l l a t i o n  was s u f f i c i e n t  to  p u r ify  th e  s o lv e n t.  A ll so lv e n ts  were 
o b ta in ed  through th e  la b o ra to ry  s to r e s ,
The experim ental c o n d itio n s  f o r  a l l  o f th e  work were th e  u su a l 
s ta n d a rd  Chrom atographic co n d itio n s  which c o n s is te d  of a  No. 1 chroma­
to g ra p h ic  column, f u l l  vacuum as g iven  by a  w ater a s p i r a to r ,  and an 
ad so rb en t column o f about 75 sob.
The adso rben t c o n s is te d  o f s i l i c i c  a c id , which In  some cases  had 
been washed w ith a ce to n e , e th e r ,  and petroleum  e th e r  and used w ithou t 
d ry in g . However th i s  method proved u n su ita b le  due to  th e  channeling  
e f f e c t  caused  by th e  ev ap o ra tio n  of the  e th e r .  T h is method was d iscon ­
t in u e d , and the  ad so rben t was p rep ared  f r e e  of w ater by washing I t  in  
ba tch es  w ith  the above so lv en ts  and d ry ing  f o r  tw en ty -fou r hours a t  
SO0 0 . T h is co n d itio n ed  the  adsorben t to  be J u s t  th e  same as was
SO
s i
p re v io u s ly  used  and excluded th e  channeling  e ffe c ts *
0.01  m olar s o lu tio n s  were used in  a l l  experim en ts. 
p -JT itro a n ilia e  was s tu d ie d  fo r  on ly  th e  benzen© -petro leus e th e r  
system , because of th e  sm all sp read  in  th e  v a lue  in  going from 
one s o lv e n t to  a n o th e r .
She fo llo w in g  system s were used in  the  study  o f  o - n i t r o a n i l in e :
A. Two component system s o f o , 1 5 . 25 . 3 3 .3 . 50 . 66 . 6 , 75 .
S§, and 100 p e r  cen t by volume of
1 . le n s  on©-? e t r o l  mm e th e r
2 . Benxene-Chloroform
3 . Petroleum  ether-C hloroform
H. Bens ene-Oarbon te t r a c h lo r id e
$ . P e tro leu m -e th er—Carbon te t r a o h lo r ld e  
Benz e ae -n -b u ty l e th e r  
7 . Petroleum  a th e r -a -b u ty l  e th e r
S . Methyl aXeohol-^Bensene 
3 . S thy l a l  cohol-Benz ene 
10 . U thyl a lcoho l-P etro leum  e th e r
B. Three component systems c o n s is t in g  o f c o n s tan t r a t io s
of 3 :1 , 2 :1 . 1:1  benxene-petroleum  e th e r  w ith  1 , 5 *
20, UO» 60 , SO, and 100 p e r cen t of
I .  Chloroform
2 . Carbon te t r a c h lo r id e
3 . n-B utyl e th e r  
h . Methyl a lcoho l 
3 . B thyl a lcoho l
zz
In  a l l  cases th e  so l Tent 0 were p u r i f ie d  when necessary. M e t 
o f  solvents used:
1 . Bensene
2 . Chloroform
3 . Carbon t e t r a ­
c h lo r id e  
W. n -B u ty l e th e r  
3* Petroleum  B ther B
6 .  Methyl a lc o h o l
7 . S th y l A lcohol
Baker and Anderson (th lo p en e  f r e e )  
Merck (rea g en t)
Baker and Anderson e .  p .
Bastman Itodak Co.
Washed w ith  fuming s u l f u r ic  a c id  
D ried  and d i s t i l l e d  over sodium.
B. P . 65- 68° 0 .
Baker and Anderson Co. 
that te d  Chemical Co.
SUMMARY
A study  o f th e  chrom atographic a d so rp tio n  of an  homologous 
s e r i e s  of normal a l i p h a t i c  amines was made in  an a ttem p t to  d e te r ­
mine th e  e f f e e t  o f th e  a id e  ehaln  on the  s tre n g th  o f th e i r  adsorp­
t io n  on s e v e ra l d i f f e r e n t  A dsorbents. T his study  c o n s is te d  o f th e  
u se  o f  0 .01  m olar s o lu t io n s  of th ese  s t r a ig h t  cha in  amines from 
m ethyl to  o c ta d e c y l.
U sing th e  *M9 v a lue  o f each member o f t h i s  s e r ie s  a s  a  measure 
o f  t h e i r  a d so rp tio n  s tre n g th  a  p lo t  was made a g a in s t  th e  number o f 
oarbon atoms in  the  s id e  eha ln  to  show the  e f f e c t  o f th e  s id e  chain  
on a d s o rp t io n . I t  was found in  g e n e ra l th a t  in  a l l  eases th e  s tre n g th  
o f  a d so rp tio n  decreased  a s  th e  mass of th e  s id e  ch a in  in c re a se d . Xt 
was a ls o  n o ted  th a t  c e r ta in  s ig n i f ic a n t  d ips were observed as p re ­
v io u s ly  shown in  th e  study  o f o th e r s e r i e s .  The r e la t io n s h ip  o f MH* 
v a lu e  and s id e  ch a in  i s  no t sim ple , and a  graph o f th i s  d a ta  does n o t 
y i e ld  a  smooth cu rve .
Work was com pleted u s in g  th e  mono- and d i - s u b s t i tu te d  Isom ers of 
n i t r o a n i l i n e  to  determ ine th e i r  r e l a t iv e  sequence o f a d so rp tio n  in  
o rd e r  th a t  some c o r r e la t io n  could be made between th e  s tr e n g th  o f  
a d so rp tio n  and the  m olecu lar s t ru c tu re  of the adsorbed su b s ta n c es .
I t  was shown th a t  th e  more h ig h ly  the  a n il in e  was s u b s t i tu te d  and th e  
f u r th e r  away from th e  amine group the  a d d itio n a l fu n c tio n a l groups were 
lo c a te d  th e  s tro n g e r  was the a d so rp tio n .
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k  chrom atographic s tu d y  of the  so lv e n ts  was made u sin g  one, two, 
and  th r e e  component system s* In  g e n e ra l ,  i t  was found th a t  some 
s o lv e n ts  were h ig h ly  co m p e titiv e  w ith  th e  a d so rp tiv e  fo r  th e  su rfa c e  
o f  th e  adso rben t*  I n  th e  m ulticom ponent system s i t  was found th a t  
th rough  th e  u se  o f m ix tu res  o f s o lv e n ts ,  developers could  he p repared  
ran g in g  from  very weak once to  e lu t in g  agents*
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